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(54) Objective lens, coupling lens, light converging optical system, and optical pick-up apparatus 



(57) An objective lens for recording and/or repro- 
ducing an optical information recording medium, com- 
prises a first lens having a positive refractive power; and 
a second lens having a positive refractive power; where- 
in the first lens and the second lens are aligned in this 
order from a light source side of the objective lens, the 
first lens and the second lens are respectively made of 
a material having a specific gravity of 2.0 or less and the 



objective lens satisfies the following conditional formula: 
NA ^ 0.70, 

where NA: a predetermined image side numerical aper- 
ture necessary for recording and/or reproducing of the 
optical information recording medium. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to an objective lens, coupling lens, light converging optical system, and optical 
pick-up apparatus for the recording and/or reproducing of an optica! information recording medium. 
[0002] Recently., according to the practical use of the short wavelength red semiconductor laser, a DVD (digital ver- 
satile disk) whose dimension is almost the same as a CD (compact disk) which is the conventional optical disk (optical 
information recording medium), and whose capacity is greater and whose density is larger, is developed and comes 

10 into products, and it is presumed that, in the near future, the next generation optical disk with the higher density comes 
into the market. In the optical system of the optical information recording and reproducing apparatus in which such the 
next generation optical disk is the medium, in order to attain the densification of the recording signal or to reproduce 
the high density recording signal, it is required that the diameter of the spot converged onto the information recording 
surface through the objective lens is decreased. In order to attain this, the reduction of the wavelength of the laser as 

*5 the light source, or the increase of the numerical aperture of the objective lens, is necessary. A laser whose application 
as the short wavelength laser light source is expected, is a blue violet semiconductor laser having the oscillation wave- 
length of about 400 nm. 

[0003] In this connection, when the reduction of the wavelength of the laser light source or the increase of the nu- 
merical aperture of the lens is intended, it is presumed thai even a problem which can be almost negligible in the optical 
20 pick-up apparatus composed of the combination of the comparatively longer wavelength laser light source and low 
numerical aperture objective lens, in which the information is recorded or reproduced for the conventional optical disk 
such as the CD or DVD, becomes more prominent. 

[0004] One of them is a problem of the axial chromatic aberration generated on the objective lens due to the minute 
variation of the oscillation wavelength of the laser light source. A change of refractive index due to minute wavelength 

25 variation of the common optical lens material becomes large as the short wavelength is processed. Accordingly, the 
defocus amount of the focal point generated due to the minute wavelength variation becomes large. However, as can 
be seen from a fact that the focal depth of the objective lens is expressed by k • >7NA 2 (k: proportional constant, X is 
the wavelength, and NA is the image side numerical aperture of the objective lens), the shorter the using wavelength 
is, the focal depth is smaller, thereby, the slight defocus is not allowable Accordingly, in the optical system using the 

30 short wavelength light source such as the blue violet semiconductor laser, and the objective lens of the high numerical 
aperture, in order to prevent the mode hop phenomenon or the variation of the wavelength due to the output change, 
and the deterioration of the wave front aberration by the high frequency superimposition, the correction of the axial 
chromatic aberration becomes important. 

[0005] Further, another problem which becomes prominent in the reduction of the wavelength of the laser light source 

35 and the increase of the numerical aperture of the objective lens is the variation of the spherical aberration of the optical 
system due to the temperature • humidity change. That is, a plastic lens commonly used in the optical pick-up apparatus 
is easily deformed due to the temperature or humidity change, and further, the refractive index is largely changed. Also 
the variation of the spherical aberration due to the change of the refractive index which is not so much problem in the 
optical system used in the conventional optical pick-up apparatus, becomes not negligible amount, in the reduction of 
the wavelength of the laser light source and the increase of the numerical aperture of the objective lens. 
[0006] Further, yet another problem which becomes prominent in the reduction of the wavelength of the laser light 
source and the increase of the numerical aperture of the objective lens is the variation of the spherical aberration of 
the optical system due to the thickness error of the protective layer (called also [transparent substrate]) of the optical 
disk. It is well known that the spherical aberration generated due to the thickness error of the protective layer is gen- 

45 erated in proportion to 4-th power of the numerical aperture of the objective lens. Accordingly, as the numerical aperture 
of the objective lens is increased, the influence of the error of the thickness of the protective layer is increased, and 
there is a possibility that the stable recording or reproducing of Lhe information can not be conducted. 
[0007] Further, because the plastic lens has larger change of the refractive index or shape due to the temperature 
change as compared to the glass lens, it is easily happened that the deterioration of the performance thereby becomes 

so a problem. Because this deterioration of the performance, that is, the increase of the spherical aberration is larger as 
the NA is increased, (generally, it is increased in proportion to the 4-th power of NA), when there is the temperature 
change of about 30 °C in the objective lens with the NA more than 0.70 formed of the plastic material, there is a 
possibility that the recording and/or reproducing of the information is hindered. Further, when the objective lens whose 
NA is large and whose diameter is small, is composed of 2 positive lenses, because the working distance tends to be 

55 small, there is a problem that a possibility in which the objective lens is brought into contact with the optical information 
recording medium by the warping of the optical information recording medium, is large. 

[0008] In view of the above described problems of the conventional technology, an object of the present invention 
is to provide an objective lens which is low cost and light weight in the same manner as the conventional plastic single 
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lens, although it is a high performance objective lens, corresponding to the increase of the numerical aperture (NA) of 
the objective lens. 

[0009] Further, an object is to provide an objective lens for recording and/or reproducing of the optical information 
recording medium in which the applicable temperature range is large, even when it is a high NA objective lens composed 
of 2 positive lenses formed of plastic material. 

[0010] Further, an object is to provide an objective lens for recording and/or reproducing of the optical information 
recording medium in which the diameter is small and the working distance is large, even when it is a hiqh NA objective 
lens composed of 2 positive lenses. 

[0011] Further, an object is to provide a coupling lens by which the axial chromatic aberration generated in the ob- 
jective lens due to the mode hop phenomenon of the laser light source or the high frequency superimposition can be 
corrected, and which is structured at low cast. 

[0012] Further, an object is to provide a light converging optical system and an optical pick-up apparatus by which 
the variation of the spherical aberration generated in each optical surface due to the change of the oscillation wavelength 
of the laser light source, temperature • humidity change, or the error of the thickness of the transparent substrate of 
the optical information recording medium, can be effectively corrected by a simple structure. 

[0013] Further, an object is to provide a light converging optical system and an optical pick-up apparatus by which 
the ax.al chromatic aberration generated in the objective lens due to the mode hop phenomenon of the laser light 
source or the high frequency superimposition can be effectively corrected. 

[0014] Further, an objecl is to provide a light converging optical system and an optical pick-up apparatus which is 
prov.ded with a sho.t wave laser light source and an objective lens with high numerical aperture, and by which the 
information can be recorded or reproduced for the optical information recording medium having a plurality of recording 
layers with the transparent substrate among them. 

[0015] In this connection, as the high NA objective lens whose NA is larger than 0.7, a lens in which when the 
refracting power is distributed to 4 surfaces by structuring by 2 positive lenses, and the radius of curvature of each 
surface is increased, the error sensitivity at the time of the metal mold processing or lens molding is moderated is 
proposed. However, when the objective lens in which the NA is large in this manner and the diameter is small' is 
structured by 2 posrt.ve lenses, because the working distance tends to be reduced, there is a problem that the possibility 
in which the objective lens is in contact with the optical information recording medium due to the warping of the optical 
information recording medium, is large. 

[0016] Further, because the plastic lens has large change of the refractive index and the shape due to the temperature 
as compared to the glass lens, the performance deterioration thereby easily becomes problem. This performance 
deterioration, that is, because the increase of the spherical aberration is larger as the NA is increased (generally it is 
increased in proportion to 4-th power of the NA), in the objective lens foimed of the plastic lens with more than NA of 
0.7, when the temperature change is about 30 °C, there is a possibility that the trouble occurs in the recordinq and/or 
reproducing of the information. 

[0017] Further, another problem which is actualized in the reduction of the wavelength of the laser light source and 
the increase of the numerical aperture of the objective lens, is the variation of the spherical aberration generated in 
the objective lens due to the minute variation of the oscillation wavelength of the light source. The semiconductor laser 
used as the light source in the optical pick-up apparatus has the dispersion of ± 10 nm among individual elements 
When the semiconductor laser having the oscillation wavelength dislocated from the reference wavelength is used as 
the light source, because the spherical aberration generated in the objective lens is increased as the numerical aperture 
is increased, the semiconductor laser having the oscillation wavelength dislocated from the reference wavelength can 
not be used, and it is necessary to select the semiconductor laser to be used as the light source. 
[0018] When the high density next generation optical disk as described above comes into the practical use for the 
recording and reproducing apparatus • optical pick-up apparatus for such the high density optical disk the interchange- 
ability is required so that the recording • reproducing is possible also for even the conventional optical disk such as the 

[001 9] Further, presently, although the diff ractive optical element is used as the high performance aberration correc- 
t.on element in the optical pick-up apparatus, in such the diffractive optical element, in order to prevent the decrease 
of the diffraction efficiency, it is important that the diffractive structure is formed in the shape as close as possible to 
the design value. However, when the diffractive optical element is used for the optical pick-up apparatus using the 
objective Ions of the short wavelength light source such as the blue violet semiconductor laser in which the practical 
use is presumed in the near future as described above, or the high numerical aperture, because the diffracting power 
necessary for the correction of chromatic aberration is increased, the period of the diffractive structure, for example 
the interval of the blaze of the blaze structure is about several times of the using wavelength, that is, about several 
nm. Presently, in the diamond super precision cutting technology (SPDT) generally used as the production method of 
the metal mold of the diffractive optical element, because the shape of the tip of the bite is transferred onto the step 
difference of the blaze structure, the phase unconformity portion is surely generated. Therefore, in the case of the 



1 19971 7A2_I_> 



4 



EP 1 199 717 A2 



diffractive structure in which the period is so small degree as several times of the using wavelength, because the 
influence of the phase unconformity portion is largely appears, there is a problem that the sufficient diffraction efficiency 
can not be obtained. 

[0020] As the widely known method to form the diffractive structure having the small period of about several urn, the 
5 electronic beam drawing method exists, and the flow of the formation of the diffractive structure by this method is as 
follows. Initially the photo resist is coated on a board, and next, while the electronic beam exposure apparatus is 
scanning on the photo resist, the electronic beam exposure amount distribution corresponding to the shape distribution 
of the diffractive structure is given. Next, the photo resist is removed through the etching process and the plating 
process, and the convex and concave pattern of the diffractive structure is formed on the board. As the diffractive 
10 element in which the minute blaze structure is formed on the plane board by such the electronic beam drawing system, 
a diffractive lens according to Optics Japan 99', 23a A2 (1999) is known. 

[0021] However, in the diffractive optical element used for the optical pick-up apparatus, because the diffracting 
action by the diffractive structure and the refracting action in the refractive surface are adequately combined and the 
aberration correction is conducted, there is a problem that the above diffractive lens in which the diffractive structure 
'5 is formed on the plane board having no refracting power can not be used for the optical pick-up apparatus as the 
aberration correction element. 

[0022] The object of the present invention is to provide a coupling lens, light converging optical system, optical pick- 
up apparatus, recording apparatus and reproducing apparatus, by which the axial chromatic aberration generated in 
the objective lens due to the mode hop phenomenon of the laser lighl source is effectively corrected. 
20 [0023] Further, the object of the present invention is to provide a diffractive optical element which is an optical element 
having the diffractive structure used for the optical pick-up apparatus, and which has the shape in which the diffractive 
structure can be formed by the electronic beam drawing system, and the optical pick-up apparatus provided with such 
the diffractive optical element. 

25 SUMMARY OF THE INVENTION 

[0024] 

(1) In order to attain the above object the objective lens described in (1) is characterized in that it is an objective 
30 lens for recording and/or reproducing of the optical information recording medium, and composed of the first lens 

of the positive refracting power and the second lens of the positive refracting power which are arranged in order 
from the light source side, and the first lens and the second lens are formed of the material whose specific gravity 
is respectively not more than 2.0, and satisfy the following expression. 

35 

NA ^ 0.70 (1) 



Where, NA: a predetermined image side numerical aperture necessary for recording and/or reproducing of 
the optical information recording medium. 

(2) Further, an objective lens described in (2)is characterized in that it is an objective lens for recording and/or 
reproducing of the optical information recording medium, and composed of the first lens of the positive refracting 
power and the second lens of the positive refracting power which are arranged in order from the light source side, 
and the first lens and the second lens are respectively formed of plastic material, and satisfy the following expres- 
sion. 

NA ^ 0.70 (1) 

Where, NA: a predetermined image side numerical aperture necessary for recording and/or reproducing of 
the optical information recording medium. 

(3) Further, an objective lens described in (3) is characterized in that, in (1) or (2), from the first surface to the third 
surface, at least 2 surfaces are aspherical surfaces. 

(4) Further, an objective lens described in (4) is characterized in that it satisfies the following expression in any 
one of (1)to (3). 

1.1 ^ f1/f2 ^ 3.3 (2) 
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Where, fi: the focal distance of the i-th lens. 
(5) An objective lens described in (5)is characterized in that it satisfies the following expression. 

0.3 ~ (r2 + rl)/(r2- M) S3.2 



(3) 



Where, ri : the paraxial radius of curvature of each surface 

whot ^2™ ^ T d fK Cribed , ^ (6) iS cnaracterized in that, ^ any one of (1 ) to (5), it is formed of the material 
whose us,ng wavelength ,s not larger than 500 nm, and whose internal transmittance at the 3 mm thickness in the 
using wavelength area is not smaller than 85 %. * j mm micKness in the 

(7) Further, an objective lens described in (7) is characterized in that, in any one of (1 ) to (6). the thickness of the 

STeTZS; f TT° al inf0rmati ° n reC ° rdin9 mSdiUm ° nt ° WhiCh the «9 in** 

the information is conducted, is not larger than 0.6 mm. 

(8) Further an objective lens described in (8) is characterized in that, in any one of (1) to (7), it is formed of the 
material whose saturation water absorption is not larger than 0 5 % 

reoro^Tr r 6 ^ 6 l^f * (9) * characterized in that « * an objective .ens for recording and/or 

reproducing of the optical information recording medium and composed of the first lens of the positive refractinq 

r f ri n i s ri e r d ,ens .°; the positive ref ractin9 power which are arran °- ed - ^ «™ V soul. id 

20 and ZJ£ Se K° ^ S / re reSpeCliVe 'y formed of lhe ™l^al whose specific gravity is not larger than 
2.0, and have the ring-shaped d.ffractive structure at least on one surface, and satisfy the following expression 



vdi s 65.0 



NA a 0.70 (5) 



^JJlJ- Abb6S nUmb6r ( ' = 1 and 2 > of d line ° f the lens, and NA : a predetermined image side 
numerical aperture necessary for recording and/or reproducing of the optical information recording medium 
(10) Further, an objective lens describe din (1 0) is characterized in that it is an objective lens for recording and/or 
reproducing of the optical information recording medium, and is composed of the first lens of the positive refractinq 

th^Ltnf/nHr ' enS . ? P ° SitiVe ^ raCtin9 P ° Wer WhiCh 3re arran 9 ed in order f rom th * «*t source, and 
Xr^rf,rlf f , , second >f ns are respectivelyformod of the plastic material, and havethe rinq-shaped diffractive 
structure at least on one surface, and satisfy the following expression. 



vdi s 65.0 (4) 



NA a o.70 (5) 



Where, vdi: Abbe's number (i = 1 and 2) of d line of the i-th lens, and NA : a predetermined image side 
numerica. aperture necessary for recording and/or reproducing of the optical information recording medium 

n ^ or Z ° T * characteri2ed in that, from the first surface to the third surface 

in (9) or (10), at least 2 surfaces are aspherical surfaces 

lll^mTZ^ K bjeC "r ' enS f SCrib6d in <1 2) iS characlerize in thai, in any one of (9) lo (11). when Ihe order of 
he diffracted hght ray having the maximum diffracted light amount in the diffracted light ray generated in the dif- 
frachve structure of the i-th surface in the diffractive structure is ni, the ring-shaped zone number of the i-th surface 
2 the min.mum value of the ring-shaped zone interval is Pi (mm), the focal distance of the whole objective lens 
system is f (mm), and the using wavelength is X (mm), it satisfies the following expression. 



0.04 s X . f . z (ni/(Mi • Pi 2 )) s 0.3 



(6) 



foL^re^ssiof " ™ " CharaCteriZed in that > in ™* « W *> (12), it satisfies the 
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1.1 ^ f1/f2 ^ 3.3 (7) 

Where, fi: the focal distance of the i-th lens (when the i-th lens has the diffractive structure, the focal distance 
of the whole system of the i-th lens in which the refractive lens and the diffractive structure are combined.) 
(14) An objective lens described in (14) is characterized in that, in any one of (9) to (13), it satisfies the following 
expression. 

0. 3 ^ (r2 + r1 ) /(r2 - r1 ) ^ 3.2 (8) 



Where, ri : the paraxial distance radius of each surface 

(15) Further, an objective lens described in (15) is characterized in that, in any one of (9) to (14), it is formed of 
the material whose using frequency is not larger than 500 nm, and whose internal transmittance at the 3 mm 

15 thickness in the using frequency area is not smaller than 85 %. 

(16) Further, an objective lens described in (16) is characterized in that, in any one of (9) to (15), the thickness of 
the transparent substrate of the optical information recording medium onto which the information is recorded and/ 
or reproduced is not more than 0.6 mm. 

(17) Further, an objective lens described in (17) is characterized in thai, in any one of (9) lo (16), the n-th order 
20 diffracted tight amount generated in the diffractive structure is larger than the diffracted light amount of any other 

order, and in order to record and /or reproduce the information onto the optical information recording medium, the 
n-th order diffracted light ray generated in the diffractive structure can be converged onto the information recording 
surface of the optical information recording medium. Herein, n is an integer except for 0, ± 1 . 

(18) Further, an objective lens described in (18) is characterized in that, in any one of (9) to (17), it is formed of 
25 the material whose saturated water absorption is not larger than 0.5 %. 

(19) Further, an objective lens described in (19) is characterized in that it is an objective lens for recording and/or 
reproducing of the optical information recording medium, and composed of the first lens of the positive refracting 
power and the second lens of the positive refracting power which are arranged in order from the light source side, 
and the first lens and the second lens are respectively formed of the plastic material, and satisfy the following 

30 expression. 

0.09 ^ WD/f ^ 0.24 (9) 

35 Where, WD: the working distance of the objective lens and f: the focal distance of the objective lens. 

(20) Further, an objective lens described in (20) is characterized in that, in (1 9), in from the first surface to the third 
surface, at least 2 surfaces are aspherical surfaces. 

(21) Further, an objective lens described in (21) is characterized in that, in (19) or (20), it satisfies the following 
expression. 



1.1 =i f1/f2 ^ 5.0 (10) 



Where, fi: the focal distance of the i-th lens. 
45 (22) Further, an objective lens in (22) is characterized in that, in any one item of (1 9) to (21 ), it satisfies the following 

expression. 



0.3 ^ (r2 + r1)/(r2-M) ^ 4.8 (11) 



Where, ri : the paraxial distance radius of each surface. 
(23) Further, an objective lens described in (23) is characterized in that, in any one of (19) to (22), it is formed of 
the material whose using frequency is not larger than 500 nm, and whose internal transmittance at the 3 mm 
thickness in the using frequency area is not smaller than 85 %. 
55 (24) Further an objective lens in (23) is characterized in that, in any one of (19) to (24), a predetermined image 

side numerical aperture necessary for recording and/or reproducing of the optical information recording medium 
is not smaller than 0.70, and the thickness of the transparent substrate of the optical information recording medium 
is not larger than 0.6 mm. 
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(25) Further, an objective lens described in (25) is characterized in that, in any one of (19) to (24), it is formed of 
the material whose saturated water absorption is not larger than 0.5 %. 

(26) Further an objective lens described in (1 9) is characterized in that it is an objective lens for recording and/or 
reproducing of the optical information recording medium, and composed of the first lens of the positive refracting 

5 power and the second lens of the positive refracting power which are arranged in order from the light source side, 

and a predetermined image side numerical aperture necessary for recording and/or reproducing the optical infor- 
mation recording medium is not smaller than 0.70, and the following expression is satisfied. 

70 0-07 ^ WD/ENP ^ 0.20 (12) 

Where, WD: the working distance of the objective lens, and ENP: the entrance pupil diameter of the objective 

lens. 

(27) Further, an objective lens described in (27) is characterized in that, in the first surface to the third surface, at 
15 least 2 surfaces are aspherical surfaces. 

(28) Further, an objective lens described in (28) is characterized in that, in (26) or (27), it satisfies the following 
expression. 

20 1-1 ^ f1/f2 ^ 5.0 (13) 

Where, fi: the focal distance of the i-th lens. 

(29) An objective lens described in (29) is characterized in that, in any one of (26) to (28), it satisfies the following 



25 
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expression. 



0.3 ^ (r2 + M)/(r2 - r1) ^ 4.8 (14) 

Where, ri: the paraxial distance radius of each surface 
30 (30) Further an objective lens is characterized in that, in any one of (26) to (29), it is formed of the material whose 

using wavelength is not larger than 500 nm, and whose internal transmittance at the 3 mm thickness in the using 
wavelength area is not smaller than 85 %. 

(31) Further an objective lens described in (31) is characterized in that, in any one of (26) to (30), the thickness 
of the transparent substrate of the optical information recording medium onto which recording and/or reproducing 

35 of the information is conducted, is not larger than 0.6 mm. 

(32) Further an objective lens described in (32) is characterized in that, in any one of (26) to (31), it is formed of 
the material whose saturated water absorption is not larger than 0.5 %. 

(33) Further, a light converging optical system described in (33) is characterized in that it is a light converging 
optical system for recording and/or reproducing including the light source and the objective lens converging the 
light flux emitted from the light source onto the information recording surface through the transparent substrate of 
the optical information recording medium, wherein the objective lens is an objective lens described in any one of 
(1) to (32), and between the light source and the objective lens, a spherical aberration correction means for cor- 
recting the variation of the spherical aberration generated on each optical surface of the light converging optical 
system, is provided. 

(34) Further a light converging optical system described in (34) is characterized in that it is a light converging 
optical system for recording and/or reproducing including the light source and the objective lens converging the 
light flux emitted from the light source onto the information recording surface through the transparent substrate of 
the optical information recording medium, wherein the objective lens is an objective lens described in any one of 
(1) to (32), and between the light source and the objective lens, a spherical aberration correction means for cor- 

50 recting the variation of the spherical aberration generated on each optical surface of the light converging optical 

system due to the temperature ■ humidity change, is provided. 

(35) Further a light converging optical system described in (35) is characterized in that it is a light converging 
optical system for recording and/or reproducing including the light source and the objective lens converging the 
light flux emitted from the light source onto the information recording surface through the transparent substrate of 

55 the optical information recording medium, wherein the objective lens is an objective lens described in any one of 

(1) to (32), and between the light source and the objective lens, a spherical aberration correction means for cor- 
recting the variation of the spherical aberration generated on each optical surface of the light converging optical 
system due to the minute variation of the transparent substrate thickness of the information recording medium, is 
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provided. 

(36) Further, a light converging optical system described in (36) is characterized in that it is a light converging 
optical system for recording and/or reproducing including the light source and the objective lens converging the 
light flux emitted from the light source onto the information recording surface through the transparent substrate of 

5 the optical information recording medium : wherein the objective lens is an objective lens described in any one of 

(1 ) to (32) ; and when light-converging is conducted onto the different recording layers, the objective lens is moved 
in the optical axis direction, and between the light source and the objective lens, a spherical aberration correction 
means for correcting the variation of the spherical aberration generated due to the difference of the transparent 
substrate thickness in the different recording layers of the information recording medium, is provided. 

10 (37) Further, a light converging optical system described in (37) is characterized in that it is a light converging 

optical system for recording and/or reproducing including the light source and the objective lens converging the 
light flux emitted from the light source onto the information recording surface through the transparent substrate of 
the optical information recording medium, wherein the objective lens is an objective lens described in any one of 
(1) to (32) : and between the light source and the objective lens, a spherical aberration correction means for cor- 

15 recting the variation of the spherical aberration generated on each optical surface of the light converging optical 

system due to the minute variation of the oscillation wavelength of the light source, is provided. 

(38) Further, a light converging optical system described in (38) is characterized in that it is a light converging 
optical system for recording and/or reproducing including the light source and the objective lens converging the 
light flux emitled from the light source onto the information recording surface through the transparent substrate of 

20 the optical information recording medium, wherein the objective lens is an objective lens described in any one of 

(1) to (32), and between the light source and the objective lens, a spherical aberration correction means for cor- 
recting the variation of the spherical aberration generated on each optical surface of the light converging optical 
system due to at least 2 combinations of the temperature ■ humidity change, variation of the transparent substrate 
thickness of the information recording medium, and the variation of the oscillation wavelength of the light source, 

25 is provided. 

(39) Further, a light converging optical system described in (39) is characterized in that in any one of (33) to (38), 
in the spherical aberration correction means, the refractive index distribution is variable. 

(40) Further, a light converging optical system described in (40) is characterized in that in any one of (33) to (38), 
the spherical aberration correction means includes at least one positive lens and at least one negative lens, and 

30 has the structure of a beam expander which emits almost parallely the almost parallely incident light flux, and at 

least one lens is structured as a movable element which can be displaced along the optical axis direction. 

(41) Further, a light converging optical system described in (41) is characterized in that, in (40), the positive lens 
and the negative lens satisfy the next expression. 



35 



45 



55 



v dP > v dN (15) 



Where, v dP : the average value of Abbe's number of d line of the positive lens included in the spherical 
aberration correction means, and v dN: the average value of Abbe's number of d line of the negative lens included 
40 in the spherical aberration correction means. 

(42) Further, a light converging optical system described in (42) is characterized in that, in (41), the positive lens 
and the negative lens satisfy the next expression. 



vdP>55.0 (16) 

vdN<35.0 (17) 

50 (43) Further, a light converging optical system described in (43) is characterized in that, in (42), the difference 

between the average value of Abbe's number of d line of the positive lens included in the spherical aberration 
correction means and the average value of Abbe's number of d line of the negative lens included in the spherical 
aberration correction means, is Av, and it satisfies the following expression, and the movable element is formed 
of the material whose specific gravity is not more than 2.0. 



30 ^ Av ^ 50 (18) 
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(44) Further, a light converging optical system described in (44) is characterized in that in (40), Abbe's number of 
a I positive lenses included in the spherical aberration correction means is not larger than 70.0, or Abbe's number 
of all negative lenses included in the spherical aberration correction means is not smaller than 40 0 and at least 

T ^ e /° S ' enS and thS ne9atiVS ,enS is provided with the diffractive surface having at least one ring- 
shaped diffractive structure. y 

(45) Further, a light converging optical system described in (45) is characterized in that, in (44). the movable 
element is formed of the material whose specific gravity is not larger than 2 0 

(46) Further, a light converging optical system described in (46) is characterized in that, in (44) or (45). the spherical 
aberration correction means is formed of the plastic material. 

(47) Further, a light converging optical system described in (47) is characterized in that, in (46) the spherical 
LmL 1" COrr ff. ion means is formed of the material whose saturated water absorption is not larger than 0 5 % 

(48) Further, a light converging optical system described in (48) is characterized in that, in any one of (44) or (47)' 
the n-th order diffracted light amount generated in the diffractive structure is larger than the diffracted light amount 
of any other order, and in order to record and /or reproduce the information onto the optical information recording 
medium, the n-th order diffracted light ray generated in the diffractive structure can be converged onto the infor 
mat.on recording surface of the optical information recording medium. Herein, n is an integer except for 0 ± 1 

(49) Further, a light converging optical system described in (49) is characterized in that, in any one of (40) to (48) 
it « formed of the material whose using frequency is not larger than 500 nm, and whose internal transmittance at 
tne 3 mm thickness in the using frequency area is not smaller than 85 % 

(50) Further a light converging optical system described in (50) is characterized in that, in any one of (40) to (49) 
the spherical aberration correction means is composed of one positive lens and at least one negative lens and 
has at east one asphericai surface, and at least one lens is structured as a movable element which can be displaced 
along the optical axis direction. ^ 

(51) Further, a light converging optical system described in (51) is characterized in that, in (50) the movable 
element is displaced along the optical axis direction in such a manner that, when the spherical aberration of the 
hght converging optical system is varied to the over side, the interval between the positive lens and the negative 
lens ,s decreased and when the spherical aberration of the light converging optical system is varied to the under 
side, the interval between the positive lens and the negative lens is increased 

(52) Further a light converging optical system described in (52) is characterized in that in any one of (33) to (51 ) 
it satisfies the following expression. 

NAgO.70 (1g) 
t ^ 0.6 mm (20) 
X 500 nm ^1) 

anri( Where ^ NA: a Predetermined image side numerical aperture of the objective lens necessary for recording 
and/or reproducing onto the optical information recording medium, t: the thickness of the transparent substrate of 
the optical information recording medium, and X: the wavelength of the light source 

(53) Further, a light converging optical system described in (53) is characterized in that, in any one of (33) to (52) 
the spherical aberration correction means and the axial chromatic aberration of the composite system o the ob- 
jective lens satisfy the following expression. 

ISfB • NA 2 I s o.25 pm (22) 

Where, 5fB : the change (urn) of the focal position of the composite system when the wavelength of the light 
source changes by •+- 1 nm. a 

u^tTTl? C ° UPli ? ' enS deSCribed in < 54 > is characterized in that it is a coupling lens which collimates the light 
from the light source for recording and/or reproducing of the optical information recording medium and makes it 
enter mto the objective Ions, and the axial chromatic aberration is excessively corrected so that the focal distance 
is longer to the wavelength which is 1 0 nm shorter than the using wavelength 

(55) Further, a coupling lens described in (55) is characterized in that, in (54), it is composed of a single lens in 
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which at least one surface is made an aspherical surface whose radius of curvature is larger as it separates from 
the optical axis, and at least one surface is made a diffractive surface formed of a plurality of concentric ring-shaped 
zone step difference. 

(56) Further, a coupling lens described in (56) is characterized in that, in (55), the surface on the light source side 
is macroscopically spherical diffractive surface, and the surface far from the light source is an aspherical surface 
whose radius of curvature is larger as it separates from the optical axis. 

(57) Further, a coupling lens described in (57) is characterized in that, in (55) or (56), when an integer showing 
about what times of the using wavelength X (mm) is the product of the length of the step difference in the optical 
axis direction between the adjoining ring-shaped zones and the difference of the diffraction rate before and after 
the diffractive surface, which is the diffraction order of the diffractive surface, is n, the number of the ring-shaped 
zones of the diffractive surface is M, the minimum value of the ring-shaped zone interval is P (mm), and the focal 
distance of the whole coupling system is fc (mm), it satisfies the following expression. 

0.20 ^ n • fc • A7(M -P 2 ) ^ 1 .0 (23) 

(58) Further, a coupling lens described in (58) is characterized in that, in any one of (55) or (57), the n-th order 
diffracted light amount generated in the diffractive structure is larger than the diffracted light amount of any other 
order, and in order to record and /or reproduce the information onto the optical information recording medium, the 
n-th order diffracted light ray generated in the diffractive structure can be converged onto the information recording 
surface of the optical information recording medium. Herein, n is an integer except for 0, ± 1 . 

(59) Further, a coupling lens described in (59) has, in (54), a one group 2 composition structure in which a positive 
lens with relatively larger Abbe's number and a negative lens with relatively smaller negative lens are cemented. 

(60) Further, a coupling lens described in (60) is characterized in that, in (59), it satisfies the following expression, 
and an aspherical surface is provided on at least one surface of the positive lens and the negative lens. 

vdP > 55.0 (24) 



vdN < 35.0 (25) 

Where, vdP : Abbe's number of d line of the positive lens 
vdN : Abbe's number of d line of the negative lens. 

(61) Further, a coupling lens described in (61) is characterized in that, in any one of (54) to (60), it is formed of the 
material whose specific gravity is not larger than 2.0. 

(62) Further, a coupling lens described in (62) is characterized in that, in (61), it is formed of the plastic material. 

(63) Further, a coupling lens described in (63) is characterized in that, in (52), it is formed of the plastic material 
whose saturated water absorption is not larger than 0.5 %. 

(64) Further, a coupling lens described in (64) is characterized in that it is a light converging optical system for 
recording and/or reproducing including the light source and the objective lens converging the light flux emitted 
from the light source onto the information recording surface through the transparent substrate of the optical infor- 
mation recording medium, wherein an coupling lens described in any one of (54) to (63), is provided between the 
light source and the objective lens, and the variation of the spherical aberration generated on each optical surface 
of the light converging optical system is corrected by displacing the coupling lens in the optical axis direction. 

(65) Further, the light converging apparatus described in (65) is characterized in that, in (64), the variation of the 
spherical aberration generated by the minute difference of the oscillation wavelength of the light source is corrected. 

(66) Further, the light converging apparatus described in (66) is characterized in that, in (65), the variation of the 
spherical aberration generated when the refractive index of the lens structuring the light converging optical system 
is changed due to the temperature • humidity change is corrected. 

(67) Further, the light converging apparatus described in (67) is characterized in that the variation of the spherical 
aberration generated due to the minute variation of the transparent thickness difference of the optical information 
recording medium described in (64) is corrected. 

(68) Further, the light converging apparatus described in (68) is characterized in that, in (64), the variation of the 
spherical aberration generated due to at least 2 combinations in the change of the refractive index by the temper- 
ature • humidity change, the variation of the oscillation wavelength of the light source, and minute variation of the 
transparent substrate thickness of the information recording medium, is corrected. 
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lle olTZV^lT V T n r °? Ca ' SyStSm d6SCribed in (71) is c "~nzed in thai, in any one of (64) to (70) 
tne objective lens is an objective lens described in any one of (1) to (32) 

£2&'SSS32^ SVStem " (72) iS CharaCteriZed ^ in -V one of (6 4) to ( 71 ), 



NA g 0.70 (26) 



t s 0.6 mm ^ 



X s 500 nm ^ 



!8fB- NA 2 I s o.25 jim 



(29) 



source^^ ^ ° f ^ ^ P ° Siti ° n ° f the C ° m P° stte ^e m when the wavelength of the light 

Z127)'^feT e ' enS d6SCribed ^ (?5) iS CharaCteri - d in one of (1 ),(2),( 9 ),(10), the following 

NA S 0.80 (8 , } 
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light flux having a wavelength of 500 nm or less, comprising: 

a first lens having a positive refracting power; and 
a second lens having a positive refracting power; 
5 wherein the first lens and the second lens are aligned in this order from a light source side of the objective 

lens : the first lens and the second lens are made of a plastic material whose internal transmittance at a thick- 
ness of 3 mm in a region of the using wavelength is not smaller than 90% and whose saturation waterabsorption 
is not larger than 0.5% : and the objective lens satisfies the following conditional formula (15'): 

10 

NA^0.70 (15') 

where NA: a predetermined image side numerical aperture necessary for recording and/or reproducing of 
the optical information recording medium. 
is (77) Further the objective lens describe in (77) is characterized in that in one of (1), (2), (9), (10), (19), (26), (76), 

the following conditional formula (19') is satisfied: 

-0.15 < (XV - X3')/«NA) 4 .f) < 0.10 (19') 

20 

where XV and X3' are represented by the following formula, 

XV = X1 • (N1 - 1) 3 /f1 

25 

X3' = X3.(N2-1) 3 /f2 

where 

30 

X1: a difference (mm) in the optical axis between a flat surface which is perpendicular to the optical axis and 
contacts the apex of a surface of the first lens at a side closest to a light source and a surface of the first lens 
at a side closest to the light source at an outermost periphery of the effective diameter (the outermost periphery 
corresponds to a position on a surface of the first lens at which a marginal light ray of the above NA comes to 
35 be incident), when the difference is measured in a direction toward to the optical information recording medium, 

the difference is singed with plus (+), and when the difference is measured in a direction toward to the light 
source, the difference is singed with minus (-) ; 

X3: a difference (mm) in the optical axis between a flat surface which is perpendicular to the optical axis and 
contacts the apex of a surface of the second lens at a side closest to a light source and a surface of the second 

40 lens at a side closest to the light source at an outermost periphery of the effective diameter (the outermost 

periphery corresponds to a position on a surface of the second lens at which a marginal light ray of the above 
NA comes to be incident), when the difference is measured in a direction toward to the optical information 
recording medium, the difference is singed with plus (+), and when the difference is measured in a direction 
toward to the light source, the difference is singed with minus (-); 

45 f: a focal length of the total system of the objective lens: 

N1 : a refractive index of the first lens group at a used wavelength; and 
N2: a refractive index of the second lens group at a used wavelength. 

(78) Further the objective lens described in (78) is characterized in that in (77), the following formula (22') is 
50 satisfied: 

-0.08 < (X1 ' - X3')/((NA) 4 .f) < 0.05 

55 (79) Further, the objective lens described in (79) is characterized in that in (1 ),(2),(9),(1 0),(1 9),(26),(76), the ob- 

jective lens is made of a material whose internal transmittance at a thickness of 3 mm is not smaller than 90%. 
(80) Further, the objective lens described in (80) is characterized in that in (79), the objective lens is made of the 
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material whose saturation water absorption is not larger than 0.1%. 

(81) Further, the recording/reproducing apparatus described in (81) is characterized in that the optical pick-up 
apparatus described in (68) can be mounted on the recording/reproducing apparatus so that an audio and/or image 
can be recorded and/or an audio and/or image can be reproduced. 

5 

[0025] As described in (1), when the objective lens is structured by 2 positive lenses, the generation amount of the 
aberration on each refraction surface is small, and various aberrations including the spherical aberration can be finely 
corrected even in the light flux whose NA is more than 0.7, and further, when each lens is formed of the material whose 
specific gravity is not larger than 2.0, even when the objective lens is formed of 2 lenses whose NA is large, and whose 

io volume is large, its weight becomes light, and the actuator for focusing of the objective lens does not have any burden, 
and the high speed follow-up becomes possible, or it can be driven by a smaller sized actuator, thereby, it can reduce 
the size of the optical pick-up apparatus. Further, when the lens is composed of 2 lenses, although the NA is not smaller 
than 0.7, that is, large, the deterioration of aberrations due to the error such as the eccentricity of each refraction 
surface is few, and an objective lens which is easily produced, can be obtained. 

is [0026] The first lens of the objective lens according to the present invention may be 1 group 2 composition lens in 
which a positive lens with relatively large Abbe's number, and a negative lens with relatively small Abbe's number are 
cemented. When the first lens is structured as described above, the chromatic aberration generated in the whole 
objective lens system can be effectively corrected, and further, when both of the positive lens and the negative lens 
are formed of the material whose specific gravity is not larger than 2.0, even when it is one group 2 lens composition, 

20 it can be a light lens. Further, in the same manner also in the second lens, it may be 1 group 2 composition lens in 
which a positive lens with relatively large Abbe's number, and a negative lens with relatively small Abbe's number are 
cemented. When the second lens is structured as described above, the chromatic aberration generated in the whole 
objective lens system can be effectively corrected, and further, when both of the positive lens and the negative lens 
arc formed of the material whoso specific gravity is not larger than 2.0, even when it is one group 2 lens composition, 

25 it can be a light lens. 

[0027] As described in (2), when each lens is structured by the plastic material, the mass production by the injection 
molding becomes possible, thereby a low cost objective lens can be obtained. 

[0028] As described in (2), in the refraction surfaces of total 4, when at least 2 surfaces from the first surface to the 
third surface are aspherical surfaces, the coma and astigmatism other than the spherical aberration can be finely 

30 corrected, and thereby, the deterioration of the light converging performance following the tilt or the deviation of the 
optical axis from the light source, can be reduced. Further, when the lens is formed of the plastic material, the refractive 
surface can be easily formed to an aspherical surface, and there is no case where the production cost is increased. 
[0029] The conditional expression (2) of (4) is for distributing adequately the refracting power of the first lens and 
the second lens, and when the upper limit of the conditional expression (2) is not exceeded, the third surface, that is, 

35 the radius of curvature of the surface of the light source side of the second lens is not too small, and the aberration 
deterioration by the optical axis deviation of the first lens and the second lens can be suppressed to small and when 
the lower limit of the conditional expression is not exceeded, the image height characteristic such as the coma or the 
astigmatism can be finely corrected. 

[0030] When the upper limit of the conditional expression (3) of (5) is not exceeded, the degree of the meniscus of 
40 the first lens is not too large, and the aberration deterioration due to the axis dislocation between the first surface and 
the second surface of the first lens is not too large. When the lower limit is not exceeded, the correction of the spherical 
aberration is not insufficient. 

[0031] As described in (6), when the using wavelength is not larger than 500 nm, the influence due to diffraction 
becomes small, and the diameter of the light converging spot is smaller, thereby, high density recording • reproducing 

^5 becomes possible, and when the material whose internal transmittance is not smaller than 85 % to the 3 mm thickness 
of the material in the using wavelength range, is used, the intensity of the light for the recording is sufficiently obtained, 
and at the reading Lime for the reproducing, even the light passes the objective length in going and returning, the light 
amount incident to the sensor can be fully obtained, and the S/N ratio of the reading out signal can be increased. 
Further, when the using wavelength is not larger than 500 nm, specially, about 400 nm, the deterioration of the lens 

50 material due to the absorption is not negligible, but, when the objective lens is formed of the material satisfying the 
above conditions, the influence of the deterioration becomes slight, and it can be semi-permanently used. 
[0032] As described in (7), when the transparent substrate thickness of the optical information recording medium is 
not larger than 0.6 mm, the correction effect of the spherical aberration by the transparent substrate is reduced, but, 
when the objective lens is 2 lens composition, the spherical aberration can be sufficiently corrected. Further, even 

55 when the NA of the objective lens is not smaller than 0.7, the generation of the coma due to the minute tilt or warping 
of the optical information recording medium is small, and the fine light converging performance can be obtained. 
[0033] When the material is selected as described in (8), the refractive index distribution due to the difference of the 
water absorption is hardly generated in the lens in the process in which each lens absorbs the water in the air, and the 
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aberration thereby can be reduced. Specially, when the NA is large, there is an inclination in which the generation of 
the aberration is increased, but, by conducting as described above, it can be fully reduced. 

[0034] According to the objective lens described in (9), even for the optical material in which Abbe's number does 
not have a extraordinary value, like as it satisfies the conditional expression (4), when the ring-shaped diffractive struc- 

5 ture is provided on the objective lens ; the chromatic aberration can be finely corrected. Specially, in the light source 
with the short wavelength, even due to the minute change of the wavelength, the refractive index of the optical material 
is largely changed, but, when it satisfies the conditional expression (4), the chromatic aberration can be sufficiently 
corrected, and even when the change of the instantaneous wavelength such as the mode hop of the light source, 
happens, there is no case where the light converging spot is increased. Further, because it is formed of the material 

io whose specific weight is not larger than 2.0, even when it is 2 composition lens whose NA is not smaller than 0.7 as 
the conventional expression (5), and whose outer diameter is large, the objective lens with the light weight can be 
obtained. Further, as described in (1 ), the burden onto the actuator for focusing is small. 

[0035] The first lens of the objective lens may be 1 group 2 composition lens in which a positive lens with relatively 
large Abbe's number, and a negative lens with relatively small Abbe's number are cemented. When the first lens is 
structured as described above, the chromatic aberration generated in the whole objective lens system can be effectively 
corrected, and further, when both of the positive lens and the negative lens are formed of the material whose specific 
gravity is not larger than 2.0, even when it is one group 2 lens composition, it can be a light lens. Further, in the same 
manner also in the second lens, it may be 1 group 2 composition lens in which a positive lens with relatively large 
Abbe's number, and a negative lens with relatively small Abbe's number are cemented. When the second lens is 

20 structured as described above, the chromatic aberration generated in the whole objective lens system can be effectively 
corrected, and further, when both of the positive lens and the negative lens are formed of the material whose specific 
gravity is not larger than 2.0, even when it is one group 2 lens composition, it can be a light lens. 
[0036] As described in (10), when each lens is structured by the plastic material, the mass production becomes 
possible by the injection molding, thereby, a low cost objective lens can be obtained. 

25 [0037] As described in (1 1 ). in the refraction surfaces of total 4, when at least 2 surfaces from the first surface to the 
third surface are aspherical surfaces, the coma and astigmatism other than the spherical aberration can be finely 
corrected, and thereby, the deterioration of the light converging performance following the tilt or the deviation of the 
optical axis from the light source, can be reduced. Further, when the lens is formed of the plastic material, the refractive 
surface can be easily formed to an aspherical surface, and there is no case where the production cost is increased. 

30 [0038] When the diffractive structure is structured so as to satisfy the conditional expression (6) in (12), the correction 
of the chromatic aberration can be adequately carried out. When the upper limit of the conditional expression (6) is not 
exceeded, the chromatic aberration is not successively corrected, and when the lower limit is not exceeded, the insuf- 
ficient correction does not happen. 

[0039] The conditional expression (7) of (13) is for distributing adequately the refracting power of the first lens and 
35 the second lens, and when the upper limit of the conditional expression (7) is not exceeded, the third surface, that is, 
the radius of curvature of the surface of the light source side of the second lens is not too small, and the aberration 
deterioration by the optical axis deviation of the first lens and the second lens can be suppressed to small, and when 
the lower limit of the conditional expression (7) is not exceeded, the image height characteristic such as the coma or 
the astigmatism can be finely corrected. 
40 [0040] When the upper limit of the conditional expression (8) of (5) is not exceeded, the degree of the meniscus of 
the first lens is not too large, and the aberration deterioration due to the axis dislocation between the first surface and 
the second surface of the first lens is not too large. When the lower limit is not exceeded, the correction of the spherical 
aberration is not insufficient. 

[0041] As described in (15), when the using wavelength is not larger than 500 nm, the influence due to diffraction 
4 5 becomes small, and the diameter of the light converging spot is smaller, thereby, high density recording • reproducing 
becomes possible, and when the material whose internal transmittance is not smaller than 85 % to the 3 mm thickness 
of the material in the using wavelength range, is used, the intensity of the light for the recording is sufficiently obtained, 
and at the reading time for the reproducing, even the light passes the objective length in going and returning, the light 
amount incident to the sensor can be fully obtained, and the S/N ratio of the reading out signal can be increased. 
50 Further, when the using wavelength is not larger than 500 nm, specially, about 400 nm, the deterioration of the lens 
material due to the absorption is not negligible, but, when the objective lens is formed of the material satisfying the 
above conditions ; the influence of the deterioration becomes slight, and it can be semi-permanently used. 
[0042] As described in (16), when the transparent substrate thickness of the optical information recording medium 
is not larger than 0.6 mm, the correction effect of the spherical aberration by the transparent substrate is reduced, but, 
55 when the objective lens is 2 lens composition, the spherical aberration can be sufficiently corrected. Further, even 
when the NA of the objective lens is not smaller than 0.7, the generation of the coma due to the minute tilt or warping 
of the optical information recording medium is small, and the fine light converging performance can be obtained. 
[0043] When the diffractive structure is the structure by which the diffracted light ray more than second order is used, 
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light ray can be distributed into 4 surface tH™T » »scnbed in (19), because the refracting power to the 

[0046] Because the refraXe ™ h ! P/° dL| ct,on by the injection molding is possible at a low cost. 
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generation of the high order spherical aberr^on Z T 9enerated at the t,me of temperature rise, but, because the 
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[0049] .„ this connection, in the semiconductor laser used as the light source in the optica, pick-up apparatus, in its 
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oscillation wavelengths there is a fluctuation of about ± 1 0 nm among each element, however, when the semiconductor 
laser with the oscillation wavelength deviated from the reference wavelength is used for the light source, because the 
spherical aberration generated in the objective lens becomes large as the numerical aperture increases., the semicon- 
ductor laser having the oscillation wavelength deviated from the reference wavelength can not be used, and the se- 
5 lection of the semiconductor laser used as the light source becomes necessary. Further, because the plastic lens has 
the smaller refractive index than the glass lens, when the semiconductor laser having the oscillation wavelength devi- 
ated from the reference wavelength is used for the light source, the spherical aberration generated in the objective 
lens is apt to increase. However, when the expression (9) is satisfied, even when it is the high IMA objective lens formed 
of the plastic material, the spherical aberration generated when the semiconductor laser having the oscillation wave- 

10 length deviated from the reference wavelength is used for the light source, can be suppressed to small. In an area 
larger than the lower limit of the expression (9), the spherical aberration when the oscillation wavelength is deviated 
to the long wavelength side is not too much under correction, and in an area lower than upper limit, the spherical 
aberration when the oscillation wavelength is deviated to the short wavelength side is not too much over correction, 
and in an area lower than the upper limit, the spherical aberration when the oscillation wavelength is deviated to the 

15 short wavelength side is not too much under correction. 

[0050] As described in (20), in the objective lens, in the refractive surfaces of total 4 surfaces, when at least 2 surfaces 
from the first surface to the third surface are aspherical surfaces, because the coma and astigmatism other than the 
spherical aberration can be finely corrected, the deterioration of the wave front aberration following the deviation of 
the optical axis of the objective lens from the light source can be reduced. Al this time, when al least 2 surfaces of the 

20 first surface and the third surface are aspherical surfaces, because the aberration can be accurately corrected, it is 
preferable. Further, when the second surface is also aspherical surface, because the aberration generated due to the 
deviation of the optical axis of the first lens and the second lens can be suppressed to small, it is more preferable. 
Further, when the objective lens is formed of the plastic material, the refractive surface can be easily formed to the 
aspherical surface, and production cost is not increased. 

25 [0051] The conditional expression (10) of (21 ) is for adequately distributing the refracting power of the first lens and 
the second lens, and in an area larger than the lower limit of the expression (10), the spherical aberration at the time 
of the temperature rise, and the spherical aberration when the wavelength of the light source is deviated from the 
reference wavelength to the long wavelength side, are not too much overly corrected. Further, the spherical aberration 
at the time of the temperature lowering, and the spherical aberration when the wavelength of the light source is deviated 

30 from the reference wavelength to the short wavelength side, are not too much under corrected. Further, the image 
height characteristic such as the coma or the astigmatism can be finely corrected. Further, the aberration deterioration 
due to the optical axis deviation of the first surface and the second surface of the first lens, and the optical axis deviation 
of the first lens and the second lens, is not too large. In an area lower than upper limit of the expression (10), the 
spherical aberration at the time of temperature rise and the spherical aberration when the wavelength of the light source 

35 is deviated from the reference wavelength to the long wavelength side, are not too under corrected. Further, the spher- 
ical aberration at the time of temperature lowering and the spherical aberration when the wavelength of the light source 
is deviated from the reference wavelength to the short wavelength side, are not too overly corrected. Further, the third 
surface, that is, the radius of curvature of the surface on the light source side is not too small, and the spherical 
aberration due to the tilt of the second lens can be reduced, and an angle formed between the contact surface of the 

40 aspherical surface at the maximum effective diameter position of the third surface and the plane perpendicular to the 
optical axis, is not too large, and the processing of the molding die for the lens formation becomes easy. Further, 
because the interval of the first lens and the second lens is not too large, the whole length of the lens can be suppressed 
to short, thereby, the size reduction of the optical pick-up apparatus can be attained. According to the above description, 
it is preferable that the expression (10) satisfies 1 .3 ^ f1/f2 ^ 4.2. 

45 [0052] The conditional expression (11 ) in (22) Is for the adequate shape of the first lens, and in an area larger than 
the lower limit of the expression (11), because the second surface, that is, an angle formed between the normal line 
of the surface al the maximum effective diameter position of the surface on the optical information recording medium 
side of the first lens and the incident light ray, is not too small, the detection of the unnecessary signal due to an event 
in which the reflected light on the first surface enters into the light receiving element of the optical pick-up apparatus, 

50 can be prevented. Further, because the central thickness of the first lens is not too large, the whole length of the 
objective lens can be suppressed to small, thereby, the size reduction of the optical pick-up apparatus can be attained. 
In an area smaller than the upper limit of the expression (11), the aberration deterioration due to the optical axis deviation 
between the first surface and the second surface of the first lens is not too large. According to the above description, 
it is preferable that the expression (11) satisfies 0.8 ^ (r2 + r1)/(r2 - r1) ^4.0. 

55 [0053] As described in (23), when the using wavelength is lower than 500 nm, the influence due to the diffraction is 
small, and the light converging spot diameter is smaller, thereby, the high density recording ■ reproducing is possible, 
however, when the material whose internal transmittance to the 3 mm thickness of the material in the using wavelength 
area is more than 85 % is used, the intensity of the light for recording is sufficiently obtained, and further, at the time 
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of reading for reproducing, even when the light passes through the objective lens in going and returning the light 
amount entering into the sensor can be sufficiently obtained, and the S/N ratio at the reading can be increased Further 
when the wavelength is not more than 500 nm, specially, when it is about 400 nm, the deterioration of the lens material 
due to the absorption is not negligible, however, when the material which satisfies the above condition is used for the 
objective lens, the influence of the deterioration is slight, and it can be used semi-permanently 
[0054] As described in (24), when a predetermined image side numerical aperture (NA) of the objective lens neces- 
sary for conducting the recording and/or reproducing onto the optical information recording medium is increased more 
n c« conventional optical information recording medium, for example, in the CD, 0 45 and in the DVD 

0.65), because the size of the spot converging onto the information recording surface can be reduced the higher 
density recording and/or the reproducing of the higher density recorded information, than the conventional optical 
information recording medium, can be carried out onto the optical information recording medium. In this manner when 
the numerical aperture of the objective lens is increased, there occurs a problem that the generation of the coma due 
to the tilt or warping of the optical information recording medium from the surface perpendicular to the optical axis is 
increased, however, when the thickness of the transparent substrate of the optical information recording medium is 
reduced, such the generation of coma can be suppressed, and when the numerical aperture of the objective lens is 
increased to more than 0.70, it is preferable that the thickness (t) of the transparent substrate of the optical information 
recording medium is reduced to lower than 0.6 mm (in the conventional optical information recording medium for 
example, in the CD, 1 .2 mm, and in the DVD, 0.6 mm). 

[0055] When the material is selected as described in (25), in the process in which the water in the air is absorbed 
he refractive index distribution due to the difference of the absorption is hardly generated in the optical element and 
he aberration generated thereby can be suppressed. Specially, when the numerical aperture of the objective lens is 

large, there is a tendency that the aberration generation is increased, however, according to the above description it 

can be suppressed to sufficiently small. 

[0056] When the Ions is composed of 2 positive lenses as described in (26), because the refracting power to the 
light ray can be distributed to 4 surfaces, the generation amount of the aberration on each refractive surface is small 
and even in the high NA light flux, aberrations including the spherical aberration can be finely corrected, and an objective 
lens in which the deterioration of aberrations by the error such as the eccentricity of each refractive surface is small 
and which can be easily produced, can be obtained. 

[0057] Further, when a predetermined image side numerical aperture (NA) of the objective lens necessary for con- 
ducting the recording and/or reproducing onto the optical information recording medium is increased more than 0 70 
because the size of the spot converging onto the information recording surface can be reduced, the higher density 
recording and/or the reproducing of the higher density recorded information, than the conventional optical information 
recording medium, can be earned out onto the optical information recording medium. On the one hand when the 
objective lens with the large NA is composed of 2 positive lenses, because the working distance is apt to be reduced 
there occurs a problem that the possibility in which the objective lens is brought into contact with the optical information 
recording medium by the warping of the optical information recording medium, is large. In order to secure the large 
working d.stance, it is effective to increase the focal distance of the objective lens, that is, to increase the entrance 
pupil diameter of the objective lens, but, in this case, because the size of the optical pick-up apparatus is increased 
it is not practically preferable. In order to be compatible with the size reduction of the pick-up apparatus and the insur- 
ance of the working distance, it is preferable to satisfy the expression (12). When the upper limit of the expression (12) 
IB not exceeded, because the power of the second lens is not too strong, the production error sensibility of the second 
lens or the aberration deterioration due to the optical axis deviation of the first lens and second lens can be suppressed 
to small, and it can be a lens which is easily produced. Further, it can be a lens whose sinusoidal condition can be 
finely corrected. When the lower limit of the expression (12) is not exceeded, even when the diameter is small, because 
the working distance can be secured largely, the contact of the objective lens with the optical information recording 
medium by the warping of the optical information recording medium can be prevented, and the size of the optical pick 

^K, a o alUS ^ r6dUCed - Fr ° m thS ab ° Ve desc "P lion > » ^ preferable that the expression (12) satisfies 0 07 s 
WU/bNP ^ 0.14. ~~ 

[0058] As described in (27), in the objective lens, in the refractive surfaces of total 4 surfaces, when at least 2 surfaces 
from the f.rst surface to the third surface are aspherical surfaces, because the coma and the astigmatism in addition 
to the spherical aberration can be finely corrected, the deterioration of the wave front aberration due to the deviation 
of the optical axis of the objective lens and the light source can be reduced. At this time, it is preferable because when 
the at least 2 surfaces of the first surface and the third surface are aspherical surfaces, the correction of the aberration 
can be more accurately corrected. Further, when the second surface is also the aspherical surface, because the ab- 
it fe^re PrSabl^ ** deViati ° n °' thS ° PtiCa ' aXiS ° f the f irst lens and the second lens can be suppressed to small, 
[0059] The conditional expression (13) described in (28) is for adequately distributing the refracting power of the first 
lens and the second leans, and when the upper limit of the expression (13) is not exceeded, the radius of curvature of 
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the third surface, that is : the surface on the light source of the second lens, is not too small, and the deterioration of 
the aberration due to optical axis deviation of the first lens and the second lens can be suppressed to small, and further 
because an angle formed between the contact surface of the aspherical surface at the maximum effective diameter 
position of the third surface and the plane perpendicular to the optical axis is not too large, the processing of the molding 
5 die for the lens formation becomes easy. When the lower limit of the conditional expression (13) is not exceeded, the 
image height characteristic such as the coma or the astigmatism can be finely corrected. 

[0060] When the upper limit of the conditional expression (14) of (29) is not exceeded, the degree of the meniscus 
of the first lens is not too large, and the aberration deterioration due to the axis dislocation between the first surface 
and the second surface of the first lens is not too large. When the lower limit of the expression (14) is not exceeded, 

10 because an angle formed between the normal line of the second surface, that is, the surface at the maximum effective 
diameter position of the surface on the optical information recording medium side of the first lens, and the incident light 
ray is not too small, the detection of the unnecessary signal due to an event that the reflected light on the second 
surface enters into the light receiving element of the optical pick-up apparatus, can be prevented. 
[0061] As described in (15) : when the using wavelength is not larger than 500 nm : the influence due to diffraction 

'5 becomes small, and the size of the light converging spot is smaller, thereby high density recording • reproducing 
becomes possible, and when the material whose spectral transmittance is not smaller than 85 % to the 3 mm thickness 
of the material in the using wavelength range, is used, the intensity of the light for the recording is sufficiently obtained, 
and at the reading time ; even the light passes the objective length in going and returning, the light amount incident to 
the sensor can be fully obtained, and the S/N ratio of the reading out signal can be increased. Further, when the using 

20 wavelength is not largerthan 500 nm, specially, about 400 nm, the deterioration of the lens material due to the absorption 
is not negligible, but, when the objective lens is formed of the material satisfying the above conditions, the influence 
of the deterioration becomes slight, and it can be semi-permanently used. 

[0062] As described in (31), when the transparent substrate thickness of the optical information recording medium 
is not largerthan 0.6 mm, the correction effect of the spherical aberration by the transparent substrate is reduced, but, 

25 when the objective lens is 2 lens composition, the spherical aberration can be sufficiently corrected. Further, even 
when the NA of the objective lens is not smaller than 0.7, the generation of the coma due to the minute tilt or warping 
of the optical information recording medium is small, and the fine light converging performance can be obtained. 
[0063] When the material is selected as described in (32), the refractive index distribution due to the difference of 
the water absorption is hardly generated in the lens in the process in which each lens absorbs the water in the air, and 

30 the aberration generated thereby can be reduced. Specially, when the NA is large, there is an inclination in which the 
generation of the aberration is increased, but, by conducting as described above, it can be fully reduced. 
[0064] As described above, according to (1 ) to (32), a fine objective lens can be obtained, however, in order to 
increase the recording density by using the light source whose NA is large and whose wavelength is shorter, the 
influence of various errors, specially, the variation of the spherical aberration can not be negligible. Accordingly, as 

35 described in (33), when the spherical aberration correction means for correcting the variation of the spherical aberration 
is provided between the light source and the objective lens, even when there are various errors, the light converging 
optical system which can maintain a fine light converging characteristic can be obtained. 

[0065] As described in (34), when the spherical aberration correction means for correcting the variation of the spher- 
ical aberration generated in the objective lens, specially, the objective lens formed of the plastic lens, is provided, the 
40 light converging optical system in which the light converging spot is fine also to the environmental changes can be 
obtained. 

[0066] As described in (35), when the spherical aberration correction means for correcting the variation of the spher- 
ical aberration generated by the variation of the transparent substrate thickness of the optical information recording 
medium is provided, even when the production error exists on the optical information recording medium, the light 

45 converging optical system whose light converging spot is fine, can be obtained. 

[0067] As described in (36), in the case where the optical information recording medium has a plurality of recording 
layers with transparent subslrale such as protective layer among them, when the spherical aberration correction means 
for correcting the variation of the spherical aberration generated by the difference of the transparent substrate thickness 
in each recording layer is provided, all of the light converging spots can be fine, and the light converging optical system 

50 for the light memory whose recording surface density is large can be obtained. 

[0068] As described in (37), when the spherical aberration correction means for correcting the variation of the spher- 
ical aberration generated by the difference of the oscillation wavelength of the light source is provided, even when 
there is the error of the light source device, the light converging optical system whose light converging spot is fine, can 
be obtained. 

55 [0069] As described in (38), when spherical aberration correction means for correcting the variation of the spherical 
aberration generated by the combination of at least 2 of the temperature • humidity change, the variation of transparent 
substrate thickness of the optical information recording medium, and the variation of the oscillation wavelength of the 
light source, is provided, the light converging optical system whose light converging characteristic is always fine can 
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be obtained. When such the spherical aberration correction means is provided, the requirement accuracy for the ob- 
jective lens, light source., and optical information recording medium does not become too severe, but, in spite of that, 
the light converging optical system whose performance is fine, can be obtained. 

[0070] As described in (39), when the variation of the spherical aberration is corrected by a device by which the 
distribution of the refractive index is generated, for example, by the voltage application, the light converging optical 
system which has no movable portion and has a mechanically simple structure, can be obtained. 
[0071] As described in (40), when the spherical aberration correction means is formed into the structure of the beam 
expander including at least one positive lens and at least one negative lens, and at least one lens is made displaceable 
along the optical axis direction, the divergence degree of the light flux of the light rays incident on the objective lens 
can be changed, and the spherical aberration can be changed. Further, the chromatic aberration can be easily corrected 
by including the positive lens and the negative lens, and when the lens position is fixed, the divergence degree by the 
wavelength variation, that is, the variation of the spherical aberration can be suppressed, and even in the case where 
spherical aberration correction means can not follow up by the instantaneously generated wavelength variation such 
as mode hop, the light converging optical system whose light converging spot is fine, can be obtained. 
[0072] When Abbe's number of the positive lens and the negative lens is selected so as to satisfy the conditional 
expression (15) of (41), the light converging optical system having the spherical aberration correction means whose 
chromatic aberration is finely corrected, can be obtained. 

[0073] When the conditional expression (1 6) and the conditional expression (1 7) of (42) are satisfied, the light con- 
verging oplical system having Lhe spherical aberration correction means whose chromatic aberration is more preferably 
20 corrected, can be obtained. 

[0074] It is more preferable when the difference between Abbe's numbers of the positive lens and the negative lens 
is selected so as to satisfy the conditional expression (18) of (43). When the lower limit of the conditional expression 
(18) is not exceeded, the chromatic aberration is easily corrected, and the chromatic aberration can be corrected 
without increasing the refracting power of the positive lens and the negative lens too much, and the light converging 
optical system in which the deterioration of the image height characteristic such as the coma is few. can be obtained. 
When the upper limit of conditional expression (18) is not exceeded, the material can be easily obtained, and it can 
not be a material in which there is a problem in the internal transmittance or processability. Further, when the material 
of the movable element is formed of the material whose specific gravity is not larger than 2.0, the light converging 
optical system having the spherical aberration correction means in which the movable element has a fully light weight, 
and which can easily follow up even in the case where and variation of the spherical aberration occurs at the high 
speed, can be obtained. 

[0075] As described in (44), when the positive lens is formed of the material whose Abbe's number is not largerthan 
70, the material which is excellent in the acid resistance or whether resistance, can be selected, and when the negative 
lens is formed of the material whose Abbe's number is not lower than 40, the material which is excellent in the internal 
35 transmittance, specially, the material which is excellent in the transmittance in the short wavelength can be selected, 
and when the ring-shaped diffractive structure is provided, the chromatic aberration can be fully corrected. 
[0076] As described in (45), when the movable element is formed of the material whose specific gravity is not larger 
than 2.0, the light converging optical system having the spherical aberration correction means in which the movable 
element is sufficiently light weight, and even in the case where the variation of the spherical aberration occurs at the 
40 high speed, which can easily follow up, can be obtained. 

[0077] As described in (46), when each lens is composed of the plastic lens, the mass production becomes further 
possible by the injection molding, and the low cost spherical aberration correction means can be obtained. 
[0078] By conducting as described in (47), in the process in which each lens absorbs the water in the air, the refractive 
index distribution due to the difference of the water absorption is hardly generated in the lens, and the aberration 
generated thereby or the lowering of the diffraction efficiency according to the phase change can be suppressed. 
Specially, when the NA is large, there is a tendency that the aberration generation or the diffraction efficiency lowering 
is increased, however, by conducting as described above, it can be sufficiently reduced. 

[0079] When the diffractive structure is formed to a structure in which the diffracted light ray of more than second 
order is used as described in (48), the step difference between ring-shaped zones becomes large, or further, a structure 
in which the interval between ring-shaped zones is large is formed, and the shape requirement accuracy of the diffractive 
structure does not become too severe. Generally, as compared to the case in which the first order diffracted light ray 
is used, in the case where more than the second order diffracted light ray is used, the lowering of the diffraction efficiency 
due to the wavelength variation is large, however, when the light source with the wavelength near the single wavelength 
is used, because almost no problem, the spherical aberration correction means which is easily produced and has the 
55 sufficient diffraction efficiency : can be obtained. 

[0080] As described in (49), when the using wavelength is not larger than 500 nm, the influence due to diffraction 
becomes small, and the size of the light converging spot is smaller, thereby high density recording . reproducing 
becomes possible, and when the material whose internal transmittance is not smaller than 85 % to the 3 mm thickness 
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of the material in the using wavelength range, is used, the intensity of the light for the recording is sufficiently obtained, 
and at the reading time for the reproducing, even in the case where the light passes the objective length in going and 
returning, and the light is incident on the sensor the light amount can be sufficiently obtained, and the S/N ratio of the 
reading out signal can be increased. Further, when the using wavelength is not larger than 500 nm ; specially, about 
5 400 nm, the deterioration of the lens material due to the absorption is not negligible, but, when the material satisfying 
the above conditions is used for the spherical aberration correction means, the influence of the deterioration becomes 
slight, and it can be semi-permanently used. 

[0081] When the spherical aberration correction means has the structure as described in (50), although it is simple 
and the low cost, it becomes the spherical aberration correction means having the good performance. 

10 [0082] As described in (51), in the case where the spherical aberration is varied to the correction over direction in 
the light converging optical system, when it is tried to decrease the interval between the positive lens and the negative 
lens, the divergence degree of the incident light flux on the objective lens is increased, and spherical aberration is 
generated in the objective lens, and the spherical aberration is corrected on the whole. Reversely, when the interval 
between the positive lens and the negative lens is increased when the spherical aberration varies to the correction 

15 under direction, the divergence degree of the incident light flux on the objective lens is decreased, orthelightconverging 
light flux enters, and the generation of the spherical aberration on the objective lens is decreased, thereby, the spherical 
aberration on the whole is corrected. 

[0083] Further, when the light converging optical system is formed so as to satisfy the conditional expression (19) 
and Ihe conditional expression (21) in (52), the spread of the spot by the diffraction is reduced, the light converging 

20 optical system with higher density can be obtained. Further, when the optical information recording medium to satisfy 
the conditional expression (20) is used, the spread of the light converging spot due to the tilt or warping of the optical 
information recording medium is small, and fine recording and/or reproducing can be carried out. 
[0084] When the chromatic aberration is corrected so as to satisfy the conditional expression (22) of (53), even when 
the NA is not smaller than 0.7, the spread of the spot size due to the minute wavelength variation can be sufficiently 

25 prevented. 

[0085] At the time of the recording and/or reproducing onto the optical information recording medium as described 
in (54). when the coupling lens in which the chromatic aberration is overly corrected by the wavelength variation of 
about 10 nm, by the coupling lens to collimate the light from the light source and to enter it into the objective lens, is 
formed, the coupling lens by which the chromatic aberration generated in other optical system such as the objective 

30 lens can be cancelled each other and corrected, can be obtained. Generally, in the coupling lens, because the diver- 
gence degree of the light flux emitted from the light source is small, it is enough that the refracting power is small, and 
the required accuracy at the time of production is not so severe as the objective lens, and because there is few restriction 
such as the working distance, there is a margin in the aberration correction. In the case where the chromatic aberration 
is cancelled by the coupling lens, when also the objective lens in which the chromatic aberration is not severely cor- 

35 rected, is combined with this coupling lens and used, it can be used as the objective lens of the light converging optical 
system for the high density optical information recording medium in which the influence due to the wavelength variation 
appears largely. 

[0086] As shown in (55), when at least one surface is formed to an aspherical surface whose radius of curvature is 
increased as the distance from the optical axis is increased, even by one lens ; the spherical aberration can be finely 
40 corrected, and further, when one surface is formed to a diffractive surface having a plurality of concentric ring-shaped 
zone step differences, the chromatic aberration can be overly corrected, and the by a simple structure, the coupling 
lens having the function described in (54) can be obtained. 

[0087] As described in (56), when the surface far from the light source is formed to the aspherical surface whose 
radius of curvature is increased as the distance from the optical axis is increased, thecoma in addition to the spherical 
^5 aberration can also be finely corrected. Further, when the surface on the light source side is macroscopically formed 
to the diffractive surface of the spherical surface, although it is a simple structure, the chromatic aberration can be 
overly corrected as described above. 

[0088] When the diffractive surface is formed as described in (57), the coupling lens under a desired chromatic 
aberration correction state can be obtained. When the tower limit of the conditional expression (23) is not exceeded. 
50 the chromatic aberration is in an over correction inclination, and the chromatic aberration of the objective lens can be 
cancelled. When the upper limit of the conditional expression (23) is not exceeded, the minimum ring-shaped zone 
pitch is not too small, and the coupling lens which can be easily produced, can be obtained. 

[0089] As described in (58), when the diffractive structure is a structure in which the diffracted light ray of more than 
2nd order is used, the step difference between each of ring-shaped zones is large, and further, the interval between 
55 each of ring-shaped zones is large, and the shape requirement accuracy of the diffractive structure is not too severe. 
Generally, when the diffraction of more than 2nd order is used as compared to the case in which the first order diffraction 
is used, the lowering of the diffraction efficiency due to the wavelength variation is large, however, when the light source 
having the wavelength near the single wavelength is used, because there is almost no problem, the coupling tens 



21 



300CID: <EP 1 199717A2_I_> 



EP 1 199 717 A2 



m h OQm Ca p be eHS y Pr ° dUCed 3nd has sufficienl diffrac,ion efficiency, can be obtained 

rZ canTc^e ^V™o^*^™;T7 d 10 aSPhSriCal b — "» spherical abe, 

is expected, and th.^^?«iSS^iSZS^* ? 1? SPheriCa ' aberrati ° n by thS Cemented ^ 

K£n * .^<^^^ 9raV f ity iS " 0t ,ar9erthan 2 0 35 dSSCribed «»«P«ng 

diffraction efficiency according to ffieXraWon aeneS^ I I Serrate* in the lens, and the lowering of the 
when the MA is large there is a tendencJ 231 V " ^ PhaSS Change Can be ^P^ssed. Specially. 

K^^ssrcrrs with ihe above described coup,in9 ,ens si — ed » *- 

of the spLrica, -^i^^S^'SSSSl^ T *Z ^ * the Variatio " 

corrected by displacing the couplfna lens T e J h^f h h ' n ° ,ud,n 9 the °P t,cal formation recording medium is 

light memory ^tJ^lS^^^^^ IV'^ ^ ^ ^ ^ ^ densi * 

necessary. 9 wavelength is shorter, NA is longer, and smaller sized light converging spot is 

Kinr oTco^i^r s^rr ° a 7on rr t w r ,ength of the ii9ht ™» as ^« * <«* 

the wavelength, and the ^^i S^^SU I * I ^ dUS t0 the difference of 

correct by displacing the coup ing to ^llaW ^ J^-' ! *" " ^ Conver 9 in 3 optical system ,o 
is a.way S optimally maintained « The Obtained" ° P ^ ^ «" C0W ^ 

corrected, even wt^^Z^^lT^ ° % ° ^ ° f the tem P era ^ a and humidity is 

influence of the ^VTI^ C ° nVer9in9 ° PtiCa ' SyS,em ° n which ^ 

[0098] Even when there is a case wTe 1 thethLf ; 1 ^ P erformance is flood, can be obtained, 

mater/al is fluctuated by the J^S^^^T^ ransparen. substrate of the optical information recording 
the variation of the ^^S^^^S^^ " ^ " * ° f Partia ' thiCkness exists ' ^ause 

cope with various conditions ofmSm and the nit ^ V ^ by diSP ' aCin9 the COU P ,ina - lens ' » ca n 

dition can always be maintained canTe obtained ! r9 ' n9 ° Pt ' Cal ^ * WhiCh 9 °° d »** C °™ er ^ con " 

or the variation of the transparent : wS^iSl^;^ * ° OSC,llation wavelength of the light source, 

light converging optical syTm which ^ is corrected, the 

can be obtained. V ' d Wh ° se llght conv ergmg characteristic is always good, 

Swim t"^ ™ ^ 3 P '^ " 

the variation of the spherical aberration o^frZT^ J« am ° n9 ^ Wh6n 8 COrreCtion means for c °^oting 
recording layer is provkfeo I all Z H V ° f the trans P arent ^tra.e thickness in each 

the ^t LLry w^l^r Z^^r^J^ ~° ^ * 

Eon Sem h w e he a n S ; Wh T ^ ! Pherfca ' is ™™ to the correction over 

decreased, and the div.r^^ X™" " 6 A™ 6 ™ between the »9 ht ^urce and the couplinq lens is 

ration is generated in the obSivetos Id the soherica fl?" °? ° bjeCtiVe ' enS " inCre9Sed ' the Spherica « aber " 
where the spherical aberration 2 Z 1! P abcrrat '°" » corrected on the whole. Reversely, in the case 

and the coupling Z^S^^^T^ ^ ^ betWeen the ^ 



1199717A2_L> 



22 



EP 1 199 717 A2 



including the objective lens, even when the wavelength variation to which the displacement of the coupling lens can 
not follow up, which is instantaneous, such as the mode hop of the light source, occurs, the converging optical spot is 
not deteriorated. Further, when the variation amount such as the difference of the oscillation wavelength of the light 
source is large, and the correction balance of the spherical aberration is lost, the remaining spherical aberration can 
5 be corrected by the displacement of the coupling lens. 

[0103] As described in (71 ) 5 when the objective lenses described in (1) to (32) are combined, the better light con- 
verging optical system can be obtained. 

[0104] When the high NA objective lens satisfying the conditional expression (26) is used as described in (72), the 
light converging spot can be small, and when the transparent substrate thickness satisfies the conditional expression 

10 (27), the light converging spot diameter is prevented from increasing due to the tilt or warping of the optical information 
recording medium, and when the light source with the short wavelength satisfying the conditional expression (28) is 
used, the influence of the diffraction is small, and the light converging spot can be small. Further because the chromatic 
aberration is finely corrected on the whole light converging optical system, the influence of the large refractive index 
change due to the slight wavelength change in the short wavelength area is corrected, and the spherical aberration 

*5 variation generated due to the various error factors to enlarge the light converging spot can also be corrected by the 
displacement of the coupling lens, and the small light converging spot can be always maintained, and the high density 
light memory can be realized. 

[0105] When the chromatic aberration of the light converging optical system is corrected so as to satisfy the condi- 
tional expression (29) as described in (73), the sufficiently small lighl converging spol can always be obtained. 
20 [0106] When the optical pick-up apparatus is structured as described in (74), the high performance and low cost 
optical pick-up apparatus in which the recording bit size is small, the recording density is large, and recording and/or 
reproducing onto the optical information recording medium is finely carried out, can be obtained. By the selection of 
the light converging optical system, the optical pick-up apparatus with respective above described characteristics can 
be obtained. 

25 [0107] As described in (75), when the objective lens satisfies the formula (8') : it is possible to provide the cheaper 
and lighter objective lens and to make the numerical aperture more higher. 

[0108] When the objective lens of the invention is made of a plastic material whose internal transmission factor for 
a wavelength of light emitted from a light source at a thickness of 3 mm is not less than 90%, even in the case of using 
a light source generating a wavelength of not more than 500 nm, as seen in (76), it is possible to improve an S/N ratio 

30 of recording and reproducing signals because of light transmission factor that is sufficiently great, and it is possible to 
attain driving by a small-sized actuator and electric power saving because of less weight, even in the case of an 
objective lens of a two-group structure having a greater lens thickness and a greater volume compared with a conven- 
tional objective lens of a single lens structure. Further, by forming the objective lens with a plastic material whose 
saturation water absorption is not more than 0.1%, it is possible to control deterioration of image forming power caused 

35 by water absorption to be small, even in the case of an objective lens with NA of 0.7 or more. The internal transmission 
factor in this case means a ratio of intensity of incident light into the plastic material to that of emergent light, and an 
influence of surface reflection loss and an influence of reflection between surfaces are not considered. 
[0109] In the design of a lens of a two-group structure, it is important from the viewpoint of manhour reduction and 
cost reduction that astigmatism and coma caused by shifting between an optical axis of a first lens and that of a second 

40 lens are corrected so that lenses may be assembled easily. Further, in the case of an objective lens with a high NA, 
when a sufficient tolerance is secured for manufacturing errors, a working distance tends to be small. When the working 
distance is small, an actuator, when it is driven, comes in contact with an optical information recording medium, and 
there is a risk that an information recording surface is damaged. The conditional expression (19') in (77) satisfactorily 
corrects aberration caused by shifting between an optical axis of a first lens and that of a second lens, and it is a 

45 conditional expression relating to a sagging amount for the surface of the first lens closest to the light source and for 
the surface of the second lens closest to the light source, for securing the working distance which is not problematic 
for praclical use. while securing a sufficient tolerance for manufacturing errors. When the lower limit of the aforesaid 
conditional expression is not exceeded, power load for the second lens does not turn out to be too great, and thereby, 
an apparent angle of the surface of the second lens on the light source side does not turn out to be too great, thus, a 

50 metal mold can be machined by a diamond cutting tool accurately. Further, aberration caused by shifting between an 
optical axis of a first lens and that of a second lens can be corrected satisfactorily, and lenses can be assembled easily. 
When the upper limit of the conditional expression stated above is not exceeded, the working distance does not turn 
out to be too small, which makes the objective lens to be one that can be driven easily by an actuator, and the power 
load for the first lens does not turn out to be too great, which does not make an apparent angle of the surface of the 

55 first lens on the light source side to be too great, and a metal mold can be machined by a diamond cutting tool accurately. 
Further, aberration caused by shifting between an optical axis of a first lens and that of a second lens can be corrected 
satisfactorily, and lenses can be assembled easily. 

[0110] To attain the aforesaid effect, it is preferable to satisfy expression (22") as in (78). 
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[0111] In the structure (79), intensity of light for recording is obtained further sufficiently, and even when the objective 
lens is made to be passed both ways in the course of reading for reproduction, an amount of light entering a sensor 
can be obta.ned further sufficiently, and an S/N ratio of reading signals can be further improved 
[01 12] When materials are selected as in (18), distribution of refractive indexes caused by a difference of a coefficient 
of water absorption hardly takes place in a lens when each lens absorbs moisture in the air, and aberration caused by 
the distribution of refractive indexes can be made small accordingly. When NA is large, in particular, occurrence of 
aberration tends to be great. However, if the action in the foregoing is taken, the occurrence of aberration can be made 
small sufficiently This effect is more remarkable when (80) is executed. 

[0113] (2-1) The objective lens according to the present invention is a lens for the recording and/or reproducing of 
the information of the optical information recording medium, wherein it is composed of the first lens with the positive 
refracting power and the second lens with the positive refracting power arranged in order from the light source side 
and has a ring-shaped diff ractive structure on at least one surface, and satisfies the following expressions (30) and (31 ) ' 



NA £ 0.70 (30) 



0.05 < WD/EXP < 0.25 (3-,) 



[0114] Where, 



NA: a predetermined numerical aperture necessary for conducting the recording and/or reproducing of the optical 
information recording medium, H 
WD: the working distance (mm) of the objective lens, 
EXP: the diameter of the entrance pupil (mm) of the objective lens. 

[0115] When the lens is composed of 2 positive lenses as this objective lens, because the refracting power to the 
light beam can be distributed to 4 surfaces, the generation amount of the aberration on each refractive surface is small 
and even in the l.ght flux of the high NA, the aberrations including the spherical aberration can be finely corrected and 
the objective lens in which the deterioration of aberrations due to the error such as an eccentricity of each refractive 
surface is small, and the production is easy, can be obtained. 

[0116] Further when the image side numerical aperture (NA) of a predetermined objective lens necessary for con- 
ducting the recording and/or reproducing on the optical information recording medium is increased to larger than 0 70 
(in the conventional optical information recording medium, for example, in the CD, 0.45. and in the DVD 0 60) because 
he size of the spot converging onto the information recording surface can be decreased, the reproduction of the in- 
formation which is recorded with high density and/or the high density recorded, can be conducted on the optical infor- 
mation recording medium. However, when the objective lens having the large NA is composed of 2 positive lenses 
because the working distance is apt to be reduced, the problem in which the possibility that, by the warping of the 
optical information recording medium, the objective lens is in contact with the optical information recording medium 
is large, is generated. In order to secure the working distance large, the focal distance of the objective lens that is it 
is effective that the entrance pupil diameter of the objective lens is increased, however, because the optical pick-up 
apparatus is large sized, it is not preferable in the practical use. In order to be compatible of the size reduction of the 
optical p.ck-up apparatus with the security of the working distance are compatible, it is preferable to satisfy the expres- 
sion (31 ). When the upper limit of the expression (31 ) is not exceeded, because the power of the second lens is not 
too intensive the production error sensitivity of the second lens, or the aberration deterioration due to the optical axis 
dislocation of the first lens and the second lens can be suppressed to small, and the lens which can be easily produced 
is obtained. Further, the lens in which the sinusoidal condition is finely corrected, can be obtained When the lower 
imit of the expression (31) is not exceeded, even when the diameter is small, the working distance can be secured 
largely, the contact of the objective lens with the optical information recording medium due to the warping of the optical 
information recording medium can be prevented, and the size of the optical pick-up apparatus can be reduced 
[0117] (2-2) Further, another objective lens according to the present invention is an objective lens for recordinq and/ 
or reproducing of the information of the optical information recording medium, and is composed of the first lens of the 
positive refracting power and the second lens of the positive refracting power arranged in order from the light source 
s,de and the first lens and the second lens are respectively formed of plastic material, and has the ring-shaped dif- 
fractive structure on at least one surface, and is characterized in satisfying the expression (32). 

0.05 <WD/ENP< 0.15 (32) 
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Where, WD: the working distance of the objective lens (mm), ENP: the entrance pupil diameter of the objective 
lens (mm) 

[0118] As this objective lens, when each lens is formed of plastic material, because even the high NA objective lens 
structured by 2 lenses having the large lens vo!ume : has the light weight, the decrease of the burden on the actuator 
5 forthe focusing, the high speed tracking, and the drive by the small size actuator are possible, and the mass production 
by the injection molding can be conducted at low cost. 

[0119] Further, Abbe's number of a general plastic optical material is about 55, and although Abbe's number has no 
peculiar value, when the ring-shaped diffractive structure is provided, by adequately combining the diffraction action 
as the diffractive lens and the refraction action as the refractive lens, the axial chromatic aberration can be finely 
io corrected. Specifically, even when the refractive index of the optical material is largely changed to the minute change 
in the light source with the short wavelength, because the axial chromatic aberration can be sufficiently corrected, even 
when the instantaneous wavelength change such as the mode hop phenomenon of the light source occurs, the light 
converging spot does not become large. 

[0120] Further, because the plastic lens has the larger refractive index change or the larger shape change due to 

*5 the temperature change than the glass lens, the performance deterioration thereby easily becomes a problem. Because 
this performance deterioration, that is, an increase of the spherical aberration becomes large in proportion to the fourth 
power of NA, as the NA is increased, it becomes a problem. Generally, the change of the refractive index of the plastic 
lens to the temperature change is about -10x1 0 _5 / o C. In the case where the objective lens of the high NA is structured 
by 2 lenses formed of the plastic material, when the working distance is small to the entrance pupil of the objective 

20 lens, the third order spherical aberration in the insufficient correction direction is generated at the time of the temperature 
rise, and the third order spherical aberration in the excessive correction direction is generated at the time of the tem- 
perature lowering. In contrast to this, when the working distance is increased to the entrance pupil of the objective 
lens, the higher order spherical aberration more than firth order with the reversal polarity to the third order spherical 
aberration at the time of the temperature change, can bo generated. In this case, when the entrance pupil of the 

25 objective lens and the working distance satisfy the expression (32), the generation amount of the third order spherical 
aberration and the generation amount of the higher order spherical aberration with the reversal polarity, can be well 
balanced, and even when the high NA objective lens is formed of the plastic material, the objective lens in which the 
deterioration of the wave front aberration is small at the time of the temperature change, can be obtained. In the case 
more than lower limit of the expression (32), the spherical aberration of the marginal light rays at the temperature rise 

30 is not too insufficient correction, and in the case lower than the upper limit, the spherical aberration of the marginal 
light rays at the temperature rise is not too excessive correction. Further, in the case more than lower limit of the 
expression (32), the spherical aberration of the marginal light rays at the temperature lowering is not too excessive 
correction, and in the case lower than the upper limit, the spherical aberration of the marginal light rays at the temper- 
ature lowering is not too insufficient correction. 

35 [0121] (2-3) Further, yet another objective lens according to the present invention is an objective lens forthe recording 
and/or reproducing of the information of the optical information recording medium, and composed of the first lens of 
the positive refracting power and the second lens of the positive refracting power arranged in order from the light source 
side, and has the ring-shaped diffractive structure at least on one surface, and is characterized in satisfying the following 
expression (33). 

40 

0.05 ^ PD/PT ^ 0.20 (33) 



Where, PD: when the diffractive structure formed on the i -th surface is expressed by the optical path difference 
45 function defined by Ob = b 2i h 2 + b 4j h 4 + b 6l h 6 +- ... (A) (herein, h is the height (mm) from the optical axis), b 2j! b 4j , b 6j , 

are respectively coefficients of optical path difference function of second order, fourth order, sixth order, ), the power 
(mm 1 ) of only the diffractive struclure defined by PD = £(-2 • b 2j ) : PT: the power (mm 1 ) of the whole system of the 
objective lens in which the refractive lens and the diffractive structure are combined. 

[0122] When the diffractive structure is determined in such a manner that the power by only the diffractive structure 
50 and the power of the whole objective lens system satisfy the expression (33) as this objective lens, the axial chromatic 
aberration generated in the objective lens can be finely corrected. In the case more than the lower limit of the expression 
(33), the axial chromatic aberration of the wave front, when the spot is formed on the information recording surface of 
the optical information recording medium, is not too insufficient correction, and in the case lower than upper limit, the 
axial chromatic aberration of the wave front, when the spot is formed on the information recording surface of the opticral 
55 information recording medium, is not too excessive correction. 

[0123] (2-4) Further, yet another objective lens according to the present invention is an objective lens for recording 
and/or reproducing of the information of the optical information recording medium, and is composed of the first lens of 
the positive refracting power and the second lens of the positive refracting power arranged in order from the light source 
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side, and has the ring-shaped diffractive structure at least on one surface, and when the diffraction action as the 
diffractive lens and the refractive action as the refractive lens are combined, it has the axial chromatic aberration 
characteristic so as to be changed in the direction in which the back focus is reduced when the wavelength of the light 
source shifts to the long wavelength side, and is characterized in satisfying the next expression (34). 



-1 < AC A/ ASA < 0 



(34) 



Where, AC A: the changed amount (mm) of the axial chromatic aberration to the change of the wavelength, and 
ASA: the changed amount (mm) of the spherical aberration of the marginal light rays to the change of the wavelength. 
[01 24] When the diffraction action as the diffractive lens and the refractive action as the refractive lens are combined, 
as this objective lens, it has it has the axial chromatic aberration characteristic so as to be changed in the direction in 
which the back focus is reduced when the wavelength of the light source shifts to the long wavelength side and it is 
preferable to satisfy the expression (34). When, by the diffraction action, the axial chromatic aberration of the objective 
lens is almost perfectly corrected and the spherical aberration curve on the long - short wavelength side is corrected 
so as to be parallel to the spherical aberration curve of the reference wavelength (hereinafter, called chromatic aber- 
ration perfect correction type), the objective lens in which the mode hop phenomenon of the laser light source or the 
deterioration of the wave front aberration at the time of the high frequency superimposition, is small, can be obtained. 
However, in the diffraction type objeclive lens which is formed lo the chromatic aberration perfect correction type, 
because the interval of the diffractive ring-shaped zones is apt to be reduced, the influence due to the error of the 
shape of the ring-shaped zone structure appears largely, and there is a problem that the sufficient diffraction efficiency 
can not be obtained. Accordingly, in order to solve the problems, the present inventor proposes a diffraction type 
objective lens in which, even though the mode hop phenomenon of the light source orthe deterioration of the spherical 
aberration at the time of the high frequency superimposition, is suppressed to small, the interval of the diffractive ring- 
shaped zones is not too much reduced. That is, the spherical aberration on the long - short wavelength side is not 
corrected, and when the axial chromatic aberration of the objective lens is made over correction, and the spherical 
aberration curve of the reference wavelength and the spherical aberration curve of the long . short wavelength side 
are crossed (hereinafter, called chromatic aberration over correction type), the movement of the optimum writing po- 
sition when the wavelength of the light source is shifted, can be suppressed to small, and the objective lens in which 
the mode hop phenomenon of the light source or the deterioration of the spherical aberration at the time of the high 
frequency superimposition, is small, can be obtained, and further, thereby, the diffractive ring-shaped zone interval can 
be larger than the objective lens of the chromatic aberration over correction type. 

[0125] (2-5) Further, yet another objective lens according to the present invention is an objective lens for recording 
and/or reproducing of the information of the optical information recording medium, and is composed of the first lens of 
the positive refracting power and the second lens of the positive refracting power arranged in order from the light source 
side, and has the ring-shaped diffractive structure on at least one surface, and is characterized by satisfying the next 
expression (35). 



40 1.0^ (r2 -i- r1 )/(r2 - r1 ) ^ 6.0 ( 35) 

Where, ri: paraxial radius of curvature (mm) of each surface (i = 1 or 2) 
[0126] As this objective lens, when the upper limit of the expression (35) is not exceeded, the degree of the meniscus 
of the first lens is not too large, and the aberration deterioration due to the axis dislocation between the first surface 
45 and the second surface of the first lens is not too large. When the lower limit is not exceeded, the correction of the 
spherical aberration is not insufficient. 

[0127] (2-6) Further, yet another objective lens according to the present invention is an objective lens for recording 
and/or reproducing of the information of the optical information recording medium, and is composed of the first lens of 
the positive refracting power and the second lens of the positive refracting power arranged in order from the light source 
50 side, and has the ring-shaped diffractive structure on at least one surface including the second surface, and is char- 
acterized by satisfying the next expression (36). 



55 



1.0<(r2+r1)/(r2-r1) (36 ) 



Where, ri: the paraxial radius of curvature (mm) of each surface (i = 1 or 2). 
[0128] In the objective lens of the high NA structured by 2 positive lenses, when the first lens has the shape satisfying 
the expression (36), that is, has the meniscus shape, there is an inclination that the incident angle of the marginal light 
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rays to the second surface is reduced. When the ratio (WD/ENP) of the working distance (WD) to the entrance pupil 
diameter (ENP) is largerthan 0.05, this inclination is specially conspicuous. Therefore, in orderto prevent the detection 
of the unnecessary light by the light detector caused by that the reflected light on the second surface forms the spot 
onto the light receiving surface of the light detector of the optical pick-up apparatus, in the high NA objective lens 

5 structured by 2 positive lenses : when the first lens has the meniscus shape, it is necessary to control so that the incident 
angle of the marginal light rays to the second surface does not become too small. As the present objective lens, in the 
case where the diffractive structure is provided on the high NA objective lens of the 2 lens composition which has the 
first lens having the meniscus shape, when the diffractive structure is provided on the second surface, the spherical 
aberration and the coma can be more accurately corrected by the reason described as follows. In the reflected diffracted 

10 light ray generated in the ring-shaped zone diffractive structure in which the step difference in the optical axis direction 
is optimized so that the intensity of the n-th order diffracted light ray becomes the maximum to the transmission light, 
because the diffracted light ray which has the maximum intensity is the m ( * n)-th order diffracted light ray, the incident 
angle of the marginal light ray incident upon the second surface on which the diffractive structure is provided has a 
positively different value from the reflection angle of the m-th order diffracted light ray generated on the second surface, 

*s and the reflection light does not form the spot on the light receiving surface of the light detector. As the result, the 
incident angle of the marginal light ray to the second surface can be freely selected, and the high performance objective 
lens in which the spherical aberration and the coma can be more accurately corrected, can be obtained. 
[0129] (2-7) Further, yet another objective lens according to the present invention is an objective lens for recording 
and/or reproducing or the information of the optical information recording medium, and is composed of the first lens of 

20 the positive refracting power and the second lens of the positive refracting power arranged in order from the light source 
side, and has the ring-shaped diffractive structure on at least one surface, and is characterized in that the using wave- 
length is not larger than 500 nnrv and it is formed of the materia! in which, in the using wavelength area, the internal 
transmissivity at the 3 mm thickness is not smaller than 85 %. 

[0130] As this objective Ions, when the using wavelength is not larger than 500 nm, because the size of the spot 

25 converged onto the information recording surface can be reduced, the recording of the information with the higher 
density than the conventional optical information recording medium and/or the reproduction of the higher density re- 
corded information is possible to the optical information recording medium. Further, it is preferable that the objective 
lens of the present invention is formed of the optical material in which the internal transmissivity is in the 3 mm thickness 
is not lower than 85 % to the light of the oscillation wavelength of the light source. When the short wavelength light. 

30 source having the oscillation wavelength of not largerthan 500 nm, specially, about 400 nm, is used, the lowering of 
the transmissivity due to the absorption of the light of the optical material is a problem, however when the objective 
lens is formed of the material having the transmissivity as described above, it is also unnecesary that the output of the 
light source is increased at the time of the recording, and further, the S/N ratio of the read out signal at the time of 
reproduction can be increased. 

35 [0131] (2-8) Further, in each of objective lenses described above, it is preferable that, at least 2 surfaces from the 
first surface to the third surface are aspherical. As described above, when at least 2 surfaces from the first surface to 
the third surface are aspherical in the total 4 surfaces, the spherical aberration and further the coma and astigmatism 
can be finely corrected. In this case, it is preferable because the aberration can be more accurately corrected when at 
least 2 surfaces from the first surface to the third surface are aspherical. Further, when the second surface is also 

40 made aspherical, it is more preferable because the aberration generated due to the dislocation of the optical axis of 
the first lens and the second lens can be suppressed to small. Further, when the objective lens is made of the plastic 
material, it is easy that the refractive surface is formed to the aspherical surface, and the production cost is not in- 
creased. In this connection, in the present specification, the lens surface is defined as the first surface from the light 
source side. 

45 [0132] (2-9) Further, it is preferable that, in each of objective lenses described above, the following expression (37) 
is satisfied. 



NA ^ 0.70 (37) 

so 

[0133] (2-10) Further, in each of objective lenses described above, it is preferable that the ring-shaped diffractive 
structure is formed on more than 2 surfaces. In this manner, when more than 2 surfaces are diffractive surfaces, and 
the diffraction power is distributed to more than 2 surfaces, because the interval of the diffractive ring-shaped zones 
provided on each surface can be increased, the production is easy, and in spite of it, the objective lens with the good 
55 diffraction efficiency can be obtained. 

[0134] (2-11) Further, in each of objective lenses described above, it is preferable that the first lens and the second 
lens are respectively formed of the plastic material. In this manner, when each lens is formed of the plastic material, 
even when it is the high NA objective lens structured by 2 lenses whose volume is large, because it is light, a decrease 
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of the burden onto the actuator for focusing ; the high speed tracking, and the drive by the small sized actuator can be 
conducted, and the mass production by the injection molding is possible at low cost. 

[0135] (2-12) Further, in each of objective lenses described above, it is preferable to satisfy the following expression 
(38). 

In this manner even when the lens is formed of the general optical material in which Abbe's number has no peculiar 
value to satisfy the expression (38), when it has the diffractive structure, because the axial chromatic aberration can 
be finely corrected, the width of the selection of the optical material can be spread, and the cost down of the material 
cost can be attained. 

vdi %l 65.0 



Where, vdi : Abbe's number of d line of the first lens (i = 1 or 2) 
[0136] (2-13) Further, in each of objective lenses described above, when the reference wavelength is X (mm), the 
focal distance of the whole objective lens system is f (mm), the number of the order of the diffracted light ray having 
the maximum diffracted light amount in the diffracted light ray generated in the diffractive structure formed on the i-th 
surface is ni, the number of ring-shaped zone of the diffractive structure in the effective diameter of the i-th surface is 
Mi, and the minimum value of the ring-shaped zone interval of the diffractive structure in the effective diameter of the 
i-lh surface is Pi (mm), il is preferable that the following expression (39) is satisfied. In this manner, when the diffractive 
20 structure of the objective lens is determined so as to satisfy the expression (39), the axial chromatic aberration gen- 
erated on the objective lens can be finely corrected. In the case more than the lower limit of the expression (39), the 
axial chromatic aberration of the wave front when the spot is formed on the information recording surface of the optical 
information recording medium is not too under corrected, and in the case lower than the upper limit, the axial chromatic 
aberration of the wave front when the spot is formed on the information recording surface of the optical information 
25 recording medium is not too overly corrected. 

0.04 ^ f • X • I(ni/ (Mi • Pi 2 )) ^ 0.60 (39) 

30 [0137] (2-14) Further, in each of objective lenses described above, it is preferable that the next expression (40) is 
satisfied. In this manner, when the diffractive structure of the objective lens is determined so that the power of only the 
diffractive structure and power of the whole objective lens system satisfy the expression (40), the axial chromatic 
aberration generated on the objective lens can be finely corrected. I n the case more than the lower limit of the expression 
(40), the axial chromatic aberration of the wave front when the spot is formed on the information recording surface of 
the optical information recording medium, is not too under corrected, and in the case lower than the upper limit, the 
axial chromatic aberration of the wave front when the spot is formed on the information recording surface of the optical 
information recording medium is not too overly corrected. 

40 0.01 ^ PD/PT ^ 0.20 (40) 

Where, PD: when the diffractive structure formed on the i -th surface is expressed by the optical path difference 
function defined by <Db = b 2j h 2 + b 4i h 4 + b 6j h 6 + ... (herein, h is the height (mm) from the optical axis), b 2j , b 4j , b 6j , 
are respectively coefficients of optical path difference function of second order, fourth order, sixth order, .... ), the power 
(mm- 1 ) of only the diffractive structure defined by PD = Z(-2 • b 2j ), PT: the power (mm* 1 ) of the whole system of the 
objective lens in which the refractive lens and the diffractive structure are combined. 

[0138] (2-15) Further, in each of objective lenses described above, it is preferable that the next expression (41) is 
satisfied. In this manner, when the axial chromatic aberration is corrected by adequately combining the diffraction action 
as the diffractive lens and the refractive action as the refractive lens, it is preferable that the expression (41 ) is satisfied. 
In the case lower than the upper limit or the expression (41), even when the instantaneous wavelength change such 
as the mode hop phenomenon of the light source is generated, the light converging spot does not become too large. 



I A fB ■ NA 2 I ^ 0.25 (41) 

Where, A fB: the change (p.m) of the focal position of the objective lens when the wavelength of the light source 
is changed by + 1 nm. 
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[0139] (2-1 6) Further, in each of objective lenses described above, when the diffraction action as the diffractive lens 
and the refractive action as the refractive lens are combined, as this diffractive lens, it has it has the axial chromatic 
aberration characteristic so as to be changed in the direction in which the back focus is reduced when the wavelength 
of the light source shifts to the long wavelength side, and it is preferable to satisfy the expression (42). By this diffraction 

5 action . the spherical aberration on the long ■ short wavelength side is not corrected, and the axial chromatic aberration 
of the objective lens is overly corrected, and when the spherical aberration curve of the reference wavelength and the 
spherical aberration curve on the long • short wavelength side are crossed, the movement of the optimum writing 
position when the wavelength of the light source is sifted, can be suppressed to small, and the objective lens in which 
the mode hop phenomenon of the light source or the deterioration of the wave front aberration at the time of the high 

10 frequency superimposition, is small, can be obtained, and further, thereby, the diffractive ring-shaped zone interval can 
be larger than the objective lens of the chromatic aberration over correction type. 

-1 < ACA/ ASA < 0 (42) 

15 

Where, ACA: the change amount (mm) of the axial chromatic aberration to the change of the wavelength, and 
ASA: the change amount (mm) of the spherical aberration of the marginal light ray to the change of the wavelength. 
[0140] (2-17) Further, in each of objective lenses described above, it is preferable that the next expression is satisfied. 
In this manner, when the ring-shaped zone interval of the diffractive structure, that is, the interval beLween the ring- 

20 shaped zones in the direction perpendicular to the optical axis satisfies the expression (43), because the axial chromatic 
aberration is corrected, and the spherical aberration at the time of wavelength change can also be finely corrected, 
the collimator adjustment when the laser light source having the oscillation wavelength dislocated from the reference 
wavelength is assembled in the optical pick-up apparatus is necessary, thereby, the great reduction of the assembling 
time of the optical pick-up apparatus can be attained. When the light path difference function has only secondary order 

25 optical path function coefficient (called also diffractive surface coefficient). (Ph/Pf) -2 =0, but, to finely correct the change 
of the spherical aberration generated by the minute wavelength change from the reference wavelength by the action 
of the diffraction, the high order optical path difference function coefficient of the optical path difference function is 
used. In this case, it is preferable that the value which is some degree apart from (Ph/Pf) -2 = 0 is used, and when the 
value satisfies the expression (43), the change of the spherical aberration due to the wavelength change can be finely 

30 negated by the action of the diffraction. When the lower limit is exceeded, the correction of the spherical aberration 
when the wavelength is changed from the reference wavelength is not too under, and when the value is lower than the 
upper limit, the correction of the spherical aberration when the wavelength is changed from the reference wavelength 
is not too over. 

35 

0.2 ^ l(Ph/Pf)-2l ^ 5.0 (43) 

Where : Pf: the diffractive ring-shaped zone interval (mm) in a predetermined image side numerical aperture 
necessary for conducting the recording and/or reproducing onto the optical information recording medium, Ph: the 

40 diffractive ring-shaped zone interval (mm) in the numerical aperture of 1/2 of a predetermined image side numerical 
aperture necessary for conducting the recording and/or reproducing onto the optical information recording medium. 
[0141] (2-18) Further, in each of objective lenses described above, it is preferable that ni order diffracted light amount 
generated in the diffractive structure formed on the i-th surface is larger than the diffracted light amount of any other 
order, and ni order diffracted light ray generated in the diffractive structure for recording and/or reproducing onto the 

45 optical information recording medium can be converged onto the information recording surface of the optical information 
recording medium. This structure relates to Ihe objective lens to conduct the recording and/or reproducing onto the 
optical information recording medium, by using the higher order, than second order, diffracted light ray. When the ring- 
shaped diffractive structure is formed so that the diffraction efficiency of the diffracted light ray of the higher order than 
the second order becomes maximum, the step difference between each of ring-shaped zones and the interval between 

50 each of ring-shaped zones are increased, and the accuracy of the shape requirement of the diffractive structure is not 
too severe. Generally, when the diffracted light ray more than second order is used, as compared to the case where 
the first order diffracted light ray is used, the lowering due to the wavelength change of the diffraction efficiency is large, 
but. when the light source near the single wavelength is used, because it seldom becomes a problem, an objective 
lens having the diffractive structure which is easily produced and has a sufficient diffraction efficiency, can be obtained. 

55 [0142] (2-1 9) Further, in each of objective lenses described above, it is preferable that the next expressions (44) and 
(45) are satisfied. In this manner, the expression (44) is for adequately conducting the power distribution of the first 
lens and the second lens, and when the upper limit is not exceeded, that is, the power of the second lens is not too 
large, the radius of curvature of the third surface, that is, the surface on the light source side of the second lens, is not 
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too small, thereby, the aberration deterioration due to the optical axis dislocation of the first lens and the second lens 
can be suppressed to small, and further, the error sensitivity to the central lens thickness of the second lens is not too 
large. When the lower limit is not exceeded, that is ; the power of the first lens is not too large, the image height char- 
acteristic such as the coma or astigmatism can be finely corrected. Further, when the upper limit of the expression (45) 
5 is not exceeded, the degree of the meniscus of the first lens is not too large, and the aberration deterioration due to 
the axis dislocation between the first surface and the second surface of the first lens is not too large. When the lower 
limit is not exceeded, the correction of the spherical aberration is not insufficient. 

in 1.5 ^ f1/f2 ^ 5.0 (44) 



0.3 =i (r2 + r1 ) / (r2 - r1 ) ^ 6.0 (45) 

15 where, fi: the focal distance (mm) of the i-th lens (i = 1 or 2), ri: the paraxial radius of curvature (mm) of each 

surface (i = 1 or 2). 

[0143] (2-20) Further, in each of objective lenses described above, it is preferable that it is formed of a material in 
which the using wavelength is not larger than 500 nm, and the internal transmissivity at the 3 mm thickness in the using 
wavelength area is not smaller than 85 %. In this manner, when the using wavelength is not larger than 500 nm, because 

20 the size of the spot converged onto the information recording surface can be reduced, the recording of the information 
with the higher density than the conventional optical information recording medium and/orthe reproduction of the higher 
density recorded information is possible to the optical information recording medium. Further, it is preferable that the 
objective lens of the present invention is formed of the optical material in which the internal transmissivity is in the 3 
mm thickness is not lower than 85 % to the light of the oscillation wavelength of the light source. When the short 

25 wavelength light source having the oscillation wavelength of not larger than 500 nm, specially, about 400 nm, is used, 
the lowering of the transmissivity due to the absorption of the light of the optical material is a problem, however, when 
the objective lens is formed of the material having the transmissivity as described above, it is also unnecesary that the 
output of the light source is increased at the time of the recording, and further, the S/N ratio of the read out signal at 
the time of reproduction can be increased. 

30 [0144] (2-21) Further, in each of objective lenses described above, it is preferable that the objective lens is formed 
of a material in which the saturated water absorption is not larger than 0.5 %. In this manner, in a process in which the 
objective lens absorbs the water in the air, the refractive index distribution due to the difference of the water absorption 
is hardly generated in the optica! element, and the lowering of the diffraction efficiency due to the aberration or the 
phase change generated thereby can be suppressed. Specially, when the numerical aperture of the objective lens is 

35 large, although the aberration generation or the diffraction efficiency lowering is apt to be increased, by the above 
description, it can be suppressed to sufficiently small. In this connection, as the plastic material, the polyolefine resin 
is preferable, and more preferably, norbomen resin of the polyolefine resin series. 

[0145] As described above, by each of objective lenses according to the present invention, even in the high NA 
objective lens composed of 2 positive lenses, an objective lens in which the diameter is small, the working distance is 

40 large and the axial chromatic aberration generated due to the mode hop phenomenon of the laser light source is 
effectively corrected, and even in the high NA objective lens formed of the plastic material, an objective lens composed 
of 2 positive lenses in which the applicable temperature range is large and the axial chromatic aberration generated 
due to the mode hop phenomenon of the laser light source is effectively corrected, can be obtained, however, when 
the light source in which the NA is large and the wavelength is shorter, is used and the recording density is made large, 

45 the influence of various errors, specially, the variation of the spherical aberration can not be neglected. 

[0146] Accordingly, the light converging optical syslem is a light converging oplical system (or recording and/or re- 
producing of the information of the optical information recording medium, and which includes the objective lens for light 
converging the light flux emitted from the light source onto the information recording surface of the optical information 
recording medium, and the objective lens is an each objective lens described above, and is characterized in that. 

so between the light source and the objective lens, a means for correcting the variation of the spherical aberration gen- 
erated on each optical surface of the light converging optical system is provided. As described above, when a means 
for correcting the variation of the spherical aberration is provided between the light source and the objective lens, even 
when there are various errors, the light converging optical system by which the good light converging characteristic 
can be kept, can be obtained. 

55 [01 47] (2-22) Further, another light converging optical system according to the present invention is a light converging 
optical system for recording and/or reproducing of the information of the optical information recording medium, including 
the objective lens for light converging the light flux emitted from the light source onto the information recording surface 
of the optical information recording medium, and the objective lens is the objective lens described above, and it is 
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characterized in that, between the light source and the objective lens, a means for correcting the variation of the 
spherical aberration generated due to the minute variation of the oscillation wavelength of the light source on each 
optical surface of the light converging optical system, is provided. As described above ; when a means for correcting 
the variation of the spherical aberration generated due to the difference of the oscillation wavelength of the light source 
5 is provided, even when the laser light source having the oscillation wavelength dislocated from the reference wave- 
length is used, the light converging optical system in which the light converging spot is good, can be obtained, and the 
selection of the laser light source is not necessary, and the reduction of the production time of the optical pick-up system 
can be attained. 

[0148] (2-23) Further, yet another light converging optical system according to the present invention is a light con- 

10 verging optical system for recording and/or reproducing of the information of the optical information recording medium, 
including the objective lens for light converging the light flux emitted from the light source onto the information recording 
surface of the optical information recording medium, and the objective lens is the objective lens described above : and 
it is characterized in that the light converging optical system includes an optical element formed of at least one plastic 
material, and a means for correcting the variation of the spherical aberration generated on each optical surface of the 

15 light converging optical system due to the temperature and humidity change is provided between the light source and 
the objective lens. In this manner, when a correction means for correcting the spherical aberration variation generated 
on the optical element formed of the plastic material due to the temperature and humidity change, is provided, because 
the light conversing spot can always be kept fine even to the environmental change, the composition element including 
in the light converging optical system can be formed of Ihe plastic material, and Ihe large cost down can be attained. 

20 [0149] (2-24) Further, yet another light converging optical system according to the present invention is a light con- 
verging optical system for recording and/or reproducing of the information of the optical information recording medium, 
including the objective lens for light converging the light flux emitted from the light source onto the information recording 
surface of the optical information recording medium, and the objective lens is the objective lens described above ; and 
it is characterized in that a means for correcting the variation of the spherical aberration generated due to the minute 

25 variation in the transparent substrate thickness of the optical information recording medium is provided between the 
light source and the objective lens. In this manner, when a correction means for correcting the variation of the spherical 
aberration generated due to the variation in the transparent substrate thickness of the optical information recording 
medium is provided, even when there is a production error in the optical information recording medium, because the 
light converging spot can always be kept fine, the requirement accuracy for the production error of the optical information 

30 recording medium is not too severe, therefore, the mass productivity of the optical information recording medium can 
be enhanced. 

[0150] (2-25) Further, yet another light converging optical system according to the present invention is a light con- 
verging optical system for recording and/or reproducing of the information of the optical information recording medium, 
including the objective lens for light converging the light flux emitted from the light source onto the information recording 

35 surface of the optical information recording medium, and the objective lens is the objective lens described above ; and 
it is characterized in that the variation of the spherical aberration generated on each optical surface (including the 
transparent substrate of the optical information recording medium) of the light converging optical system due to at least 
more than two combination of the minute variation of the transparent substrate thickness of the optical information 
recording medium, minute variation of the oscillation wavelength of the light source, and temperature and humidity 

to change is corrected. In this manner, when a means for correcting the variation of the spherical aberration generated 
by the combination of the temperature and humidity change, or the variation of the transparent substrate thickness of 
the optical information recording medium, minute variation of the oscillation wavelength of the light source, is provided, 
the light converging optical system by which the light converging characteristic is always fine, can be obtained. When 
such the correction means is provided, the requirement for the production accuracy to the objective lens, light source, 

^5 and the optical Information recording medium is not too severe, and in spite of that, the light converging optical system 
with the good performance can be obtained. 

[0151] (2-26) Further, in each of light converging optical systems, it is preferable that the spherical aberration cor- 
rection means has the variable refractive index distribution. In this manner, when the variation of the spherical aberration 
is corrected by an apparatus by which the distribution of refractive index is generated by the voltage application, the 

50 light converging optical system which has no movable portion and whose structure is simple, can be obtained. 

[0152] (2-27) Further, in each of light converging optical systems, it is preferable that the spherical aberration cor- 
rection means includes at least one optical clement which moves along the optical axis, and in which the divergent 
degree of the emitted light flux can be changed thereby. In this manner the spherical aberration correction means may 
also be a composition which includes at least one optical element which moves along the optical axis ; and in which 

55 the divergent degree of the emitted light flux can be changed thereby. When the optical element is moved along the 
optical axis, and thereby the divergent degree of the light flux incident upon the objective lens is changed, because 
the spherical aberrations generated by the temperature and humidity change, or the variation of the transparent sub- 
strate thickness of the optical information recording medium, or minute variation of the oscillation wavelength of the 
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the recording apparatus of the sound and/or image, or the reproducing apparatus of the sound and/or image, the 
recording or reproducing of the sound • image can be finely conducted on the optical information recording medium of 
the next generation of the higher density • the larger capacity than DVD. 

[0160] (3-1) In the objective lens used for the optical pick-up apparatus for the information recording reproducing 
5 which has; a light converging optical system including the objective lens to converge the light flux from the light source 
having the different wavelengths onto the recording surface of the optical information recording medium; and the light 
receiving means for detecting the reflected light from the recording surface, and which can record and/or reproduce 
the information onto a plurality of optical information recording media whose transparent substrate thickness are dif- 
ferent, an objective lens described in (3-1 ) is characterized in that: it is composed of the first lens of the positive refracting 

io power and the second lens of the positive refracting power arranged in order from the light source side, the first lens 
and the second lens are respectively formed of the material whose specific gravity is not larger than 2.0, and has the 
ring-shaped diffractive structure on at least one surface, and when the thickness of the transparent substrates of ar- 
bitrary two optical information recording media are t1 and t2 (t2 < t2) } in a plurality of optical information recording 
media in which the thickness of the transparent substrates are respectively different, the wavelength when the infor- 
ms mation is recorded or reproduced onto the optical information recording medium having the thickness of the transparent 
substrate of tl , is A,1 , and the wavelength when the information is recorded or reproduced onto the optical information 
recording medium having the thickness of the transparent substrate of t2 s is X2 (X*\ < 12), and a predetermined image 
side numerical aperture necessary for conducting the recording or reproducing onto the optical information recording 
medium with the thickness of Ihe transparent substrate of 11, by the light flux of the wavelength X'\ , is NA1 , and a 

20 predetermined image side numerical aperture necessary for conducting the recording or reproducing onto the optical 
information recording medium with the thickness of the transparent substrate of t2, by the light flux of the wavelength 
X2, is NA2 (NA1 ^ NA2), the wave front aberration is not larger than 0.07 A.1 rms, to the combination of the wavelength 
XI and the thickness t1 of the transparent substrate and the image side numerical aperture NA1 , and the wave front 
aberration is not larger than 0.07 X2 rms, to the combination of the wavelength X2 and the thickness t2 of the transparent 

25 substrate and the image side numerical aperture NA2. 

[0161] (3-2) In the objective lens used for the optical pick-up apparatus for the information recording reproducing 
which has; a light converging optical system including the objective lens to converge the light flux from the light source 
having the different wavelengths onto the recording surface of the optical information recording medium; and the light 
receiving means for detecting the reflected light from the recording surface, and which can record and/or reproduce 

30 the information onto a plurality of optical information recording media whose transparent substrate thickness are dif- 
ferent, an objective lens described in (3-2) is characterized in that: it is composed of the first lens of the positive refracting 
power and the second lens of the positive refracting power arranged in order from the light source side, the first lens 
and the second lens are respectively formed of the plastic material, and has the ring-shaped diffractive structure on at 
least one surface, and when the thickness of the transparent substrates of arbitrary two optical information recording 

35 media are t1 and t2 (t2 < t2), in a plurality of optical information recording media in which the thickness of the transparent 
substrates are respectively different, the wavelength when the information is recorded or reproduced onto the optical 
information recording medium having the thickness of the transparent substrate of t1 , is , and the wavelength when 
the information is recorded or reproduced onto the optical information recording medium having the thickness of the 
transparent substrate of t2, is X2 (XI < X2), and a predetermined image side numerical aperture necessary forcon- 

40 ducting the recording or reproducing onto the optical information recording medium with the thickness of the transparent 
substrate of t1, by the light flux of the wavelength A.1, is NA1, and a predetermined image side numerical aperture 
necessary for conducting the recording or reproducing onto the optical information recording medium with the thickness 
of the transparent substrate of t2, by the light flux of the wavelength X2, is NA2 (NA1 ^ NA2), the wave front aberration 
is not larger than 0.07 XI rms, to the combination of the wavelength X.1 and the thickness t1 of the transparent substrate 

45 and the image side numerical aperture NA1, and the wave front aberration is not larger than 0.07 X2 rms, to the 
combination of the wavelength X2 and the thickness t2 of the transparent substrate and the image side numerical 
aperture NA2. 

[01 62] (3-3) Further, the objective lens described in (3-3) is characterized in that: in (3-1 ) or (3-2), to the combination 
of the wavelength X2 and the thickness t2 of the transparent substrate and the image side numerical aperture NA2, 
50 the wave front aberration is not larger than 0.07 }J2 rms, and to the combination of the wavelength X2 and the thickness 
t2 of the transparent substrate and the image side numerical aperture NA1, the wave front aberration is not smaller 
than 0.07 X2 rms. 

[0163] (3-4) Further, the objective lens described in (3-4) is characterized in that: in (3-1 ), (3-2) or (3-3), to the com- 
bination of an object point of a predetermined position and the wavelength X1 and the thickness t1 of the transparent 
55 substrate and the image side numerical aperture NA1 , the wave front aberration is not larger than 0.07 a1 rms. and to 
the combination of the object point at a distance optically equal to the predetermined position and the wavelength X2 
and the thickness t2 of the transparent substrate and the image side numerical aperture NA2, the wave front aberration 
is not larger than 0.07 X2 rms. 
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[0164] (3-5) Further, the objective lens described in (3-5) is characterized in that: in (3-1), (3-2) or (3-3), to the com- 
bination of the object point of a predetermined position and the wavelength XI and the thickness t1 of the transparent 
substrate and the image side numerical aperture NA1 s the wave front aberration is not larger than 0.07 Ji1 rms ; and to 
the combination of the object point at a distance optically unequal to the predetermined position and the wavelength 
5 X2 and the thickness t2 of the transparent substrate and the image side numerical aperture NA2, the wave front aber- 
ration is not larger than 0.07 7J2 rms. 

[0165] (3-6) Further the objective lens described in (3-6) is characterized in that: in any one of (3-1 ) to (3-5), in the 
surface from the first surface to the third surface, at least 2 surfaces are aspherical. 

[0166] (3-7) Further, the objective lens described in (3-7) is characterized in that: in any one of (3-1) to (3-6), the 
io following expression is satisfied. 

0.4 ^ l(Ph/Pf) - 21 ^ 25 (46) 

'5 Where, Pf: the diffractive ring-shaped zone interval at a predetermined image side numerical aperture NA1 nec- 

essary for conducting the recording or reproducing onto the optical information recording medium in which the thickness 
of the transparent substrate is t1 , Ph: the diffractive ring-shaped zone interval at 1/2 numerical aperture of NA1 . 
[0167] (3-8) Further, the objective lens described in (3-8) is characterized in that: in any one of (3-1) to (3-7), the 
next expression is satisfied. 



20 
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1 .3 ^ f 1/f2 ^ 4.0 (47) 



0.3 ^ (r2 + r1 )/(r2 - r1 ) ^ 3.2 (48) 



Where, fi: the focal distance of the i-th lens (when the i-th lens has the diffractive structure, the focal distance of 
the whole system of the i-th lens in which the refractive lens and the diffractive structure are combined, ri: the paraxial 
radius of curvature of each surface. 
30 [0168] (3-9) Further, the objective lens described in (3-9) is characterized in that: in any one of (3-1) to (3-8), the 
next expression is satisfied. 



11 ^ 0.6 mm (49) 

t2 ^ 0.6 mm (50) 

XI ^ 500 nm (51) 

600 nm ^ X2 ^ 800 nm (52) 

NA1 ^ 0.65 (53) 

NA2 ^ 0.65 (54) 



[0169] (3-10) Further, the objective lens described in (3-10) is characterized in that: in any one of (3-1) to (3-9), it is 
formed of the material whose internal transmissivity in the 3 mm thickness in the using wavelength area is not lower 
than 85 %. 

[0170] (3-11) Further, the objective lens described in (3-11) is characterized in that: in any one of (3-1) to (3-10), it 
55 is formed of the material in which the saturated water absorption is not larger than 0.5 %. 

[0171] (3-12) Further the light converging optical system described in (3-12) is a light converging optical system 
including the light source whose wavelength is different, and the objective lens to light converge the light flux emitted 
from the light source onto the information recording surface through the transparent substrate of the optical information 
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recording medium, and a light converging optica! system for the recording reproducing by which the information can 
be recorded and/or reproduced onto a plurality of optical information recording media in which the thickness of the 
transparent substrates are different, and the objective lens is an objective lens described in any one of (3-1) to (3-11), 
and the light converging optical system described in (3-12) is characterized in that: when arbitrary 2 wavelengths are 
5 X1 and X2 (XI < 12) in the wavelengths which are different from each other and the thickness of the transparent 
substrates of arbitrary 2 optical information recording media are t1 and t2 (t1 < t2) in a plurality of optical information 
recording media in which the thickness of the transparent substrates are different from each other, and a predetermined 
image side numerical aperture necessary for recording or reproducing the information onto the optical information 
recording medium in which the thickness of the transparent substrate is t1 , by the light flux of the wavelength X^ , is 

10 NA1 , and a predetermined image side numerical aperture necessary for recording or reproducing the information onto 
the optical information recording medium in which the thickness of the transparent substrate is t2, by the light flux of 
the wavelength 12.. is NA2 (NA1 ^ NA2), the light converging can be conducted so that the wave front aberration is 
not larger than 0.07 XI rms, to the combination of the wavelength XI , the thickness t1 of the transparent substrate and 
the image side numerical aperture NA1 . and the wave front aberration is not larger than 0.07 X2 rms : to the combination 

15 of the wavelength A2, the thickness t2 of the transparent substrate and the image side numerical aperture NA2, and 
between the light source and the objective lens, a spherical aberration correction means for correcting the variation of 
the spherical aberration generated on each optical surface of the light converging optical system, is provided. 
[0172] (3-13) Further the light converging optical system described in (3-13) is a light converging optical system 
including the lighl source whose wavelength is different, and the objective lens to light converge the light flux emitted 

20 from the light source onto the information recording surface through the transparent substrate of the optical information 
recording medium, and a light converging optical system for the recording reproducing by which the information can 
be recorded and/or reproduced onto a plurality of optical information recording media in which the thickness of the 
transparent substrates are different, and the objective lens is an objective lens described in any one of (3-1) to (3-11), 
and the light converging optical system described in (3-13) is characterized in that: when arbitrary 2 wavelengths are 

25 X1 and X2 (A,1 < X2) in the wavelengths which are different from each other, and the thickness of the transparent 
substrates of arbitrary 2 optical information recording media are t1 and t2 (11 < t2) in a plurality of optical information 
recording media in which the th ickness of the transparent substrates are different from each other, and a predetermined 
image side numerical aperture necessary for recording or reproducing the information onto the optical information 
recording medium in which the thickness of the transparent substrate is t1 , by the light flux of the wavelength XI , is 

30 NA1 , and a predetermined image side numerical aperture necessary for recording or reproducing the information onto 
the optical information recording medium in which the thickness of the transparent substrate is t2 ; by the light flux of 
the wavelength X2, is NA2 (NA1 ^ NA2), the light converging can be conducted so that the wave front aberration is 
not larger than 0.07 X1 rms, to the combination of the wavelength XI , the thickness t1 of the transparent substrate and 
the image side numerical aperture NA1 , and the wave front aberration is not larger than 0.07 X2 rms, to the combination 

35 of the wavelength X2, the thickness t2 of the transparent substrate and the image side numerical aperture NA2 : and 
between the light source and the objective lens, a spherical aberration correction means for correcting the variation of 
the spherical aberration generated on each optical surface of the light converging optical system due to the temperature 
• humidity change, is provided. 

[0173] (3-14) Further the light converging optical system described in (3-14) is a light converging optical system 

40 including the light source whose wavelength is different, and the objective lens to light converge the light flux emitted 
from the light source onto the information recording surface through the transparent substrate of the optical information 
recording medium, and a light converging optical system for the recording reproducing by which the information can 
be recorded and/or reproduced onto a plurality of optical information recording media in which the thickness of the 
transparent substrates are different, and the objective lens is an objective lens described in any one of (3-1) to (3-11), 

45 and the light converging optical system described in (3-14) is characterized in that: when arbitrary 2 wavelengths are 
X.1 and X2 (X1 < X2) in the wavelengths which are different from each other and the thickness of the transparent 
subslrates of arbitrary 2 optical information recording media are t1 and \2 (11 < t2) in a plurality of optical information 
recording media in which the th ickness of the transparent substrates are different from each other, and a predetermined 
image side numerical aperture necessary for recording or reproducing the information onto the optical information 

50 recording medium in which the thickness of the transparent substrate is t1 , by the light flux of the wavelength A.1 , is 
NA1 , and a predetermined image side numerical aperture necessary for recording or reproducing the information onto 
the optical information recording medium in which the thickness of the transparent substrate is t2, by the light flux of 
the wavelength X2, is NA2 (NA1 ^ NA2), the light converging can be conducted so that the wave front aberration is 
not larger than 0.07 X1 rms, to the combination of the wavelength XI , the thickness t1 of the transparent substrate and 

55 the image side numerical aperture NA1 . and the wave front aberration is not larger than 0.07 X2 rms, to the combination 
of the wavelength X2, the thickness t2 of the transparent substrate and the image side numerical aperture NA2, and 
between the light source and the objective lens, a spherical aberration correction means for correcting the variation of 
the spherical aberration generated on each optical surface of the light converging optical system due to the minute 
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variation of the transparent substrate thickness of the optical information recording medium, is provided. 
[0174] (3-15) Further the light converging optical system described in (3-13) is a light converging optical system 
including the light source whose wavelength is different, and the objective lens to light converge the light flux emitted 
from the light source onto the information recording surface through the transparent substrate of the optical information 

5 recording medium, and a light converging optical system for the recording reproducing by which the information can 
be recorded and/or reproduced onto a plurality of optical information recording media in which the thickness of the 
transparent substrates are different, and the objective lens is an objective lens described in any one of (3-1) to (3-11), 
and the light converging optical system described in (3-15) is characterized in that: when arbitrary 2 wavelengths are 
X"\ and X2 (X1 < X2) in the wavelengths which are different from each other and the thickness of the transparent 

10 substrates of arbitrary 2 optical information recording media are t1 and t2 (t1 < t2) in a plurality of optical information 
recording media in which the thickness of the transparent substrates are different from each other and a predetermined 
image side numerical aperture necessary for recording or reproducing the information onto the optical information 
recording medium in which the thickness of the transparent substrate is t1 , by the light flux of the wavelength X1 , is 
NA1 , and a predetermined image side numerical aperture necessary for recording or reproducing the information onto 

15 the optical information recording medium in which the thickness of the transparent substrate is t2. by the light flux of 
the wavelength A2, is NA2 (NA1 ^ NA2), the light converging can be conducted so that the wave front aberration is 
not larger than 0.07 XI rms, to the combination of the wavelength /I1 , the thickness t1 of the transparent substrate and 
the image side numerical aperture NA1 , and the wave front aberration is not largerthan 0.07 XZ rms, to the combination 
of the wavelenglh A2, the thickness t2 of the transparent substrate and the image side numerical aperture NA2, and 

20 between the light source and the objective lens, a spherical aberration correction means for correcting the variation of 
the spherical aberration generated on each optical surface of the light converging optical system due to the minute 
variation of the oscillation wavelength of the light source, is provided. 

[0175] (3-16) Further the light converging optical system described in (3-16) is a light converging optical system 
including the light source whose wavelength is different, and the objective lens to light converge the light flux emitted 

25 from the light source onto the information recording surface through the transparent substrate of the optical information 
recording medium, and a light converging optical system for the recording reproducing by which the information can 
be recorded and/or reproduced onto a plurality of optical information recording media in which the thickness of the 
transparent substrates are different, and the objective lens is an objective lens described in any one of (3-1) to (3-11), 
and the light converging optical system described in (3-16) is characterized in that: when arbitrary 2 wavelengths are 

30 A,1 and X2 (X"\ < X2) in the wavelengths which are different from each other and the thickness of the transparent 
substrates of arbitrary 2 optical information recording media are t1 and t2 (t1 < t2) in a plurality of optical information 
recording media in which the thickness of the transparent substrates are different from each other and a predetermined 
image side numerical aperture necessary for recording or reproducing the information onto the optical information 
recording medium in which the thickness of the transparent substrate is t1 , by the light flux of the wavelength A.1 , is 

35 NA1 , and a predetermined image side numerical aperture necessary for recording or reproducing the information onto 
the optical information recording medium in which the thickness of the transparent substrate is t2, by the light flux of 
the wavelength A2, is NA2 (NA1 s NA2), the light converging can be conducted so that the wave front aberration is 
not larger than 0.07 A,1 rms, to the combination of the wavelength X1 , the thickness t1 of the transparent substrate and 
the image side numerical aperture NA1 , and the wave front aberration is not largerthan 0.07 X2 rms, to the combination 

40 of the wavelength X2, the thickness t2 of the transparent substrate and the image side numerical aperture NA2, and 
between the light source and the objective lens, a spherical aberration correction means for correcting the variation of 
the spherical aberration generated on each optical surface of the light converging optical system due to the combination 
more than at least 2 of the temperature • humidity change, the minute variation of the transparent thickness of the 
optical information recording medium, and the minute vibration of the oscillation wavelength of the light source, is 

45 provided. 

[0176] (3-17) Further the light converging optical system described in (3-17) is characterized in that: in any one of 
(3-12) to (3-16), the spherical aberration correction means, lo respective optical information recording media having 
the thickness of the transparent substrates which are different from each other changes the divergent angle of the 
light flux incident upon the objective lens corresponding to respective thickness of the transparent substrates. 
50 [0177] (3-18) Further, the light converging optical system described in (3-18) is characterized in that: in any one of 
(3-12) to (3-16), in the light converging optical system spherical aberration correction means, the refractive index dis- 
tribution is changeable. 

[0178] (3-19) Further, the light converging optical system described in (3-19) is characterized in that: in any one of 
(3-12) to (3-17), the spherical aberration correction means has a structure of a beam expander which includes at least 
55 one positive lens and at least one negative lens, and which almost parallely emits the light flux which is almost parallely 
incident, and at least one lens of the positive lens and the negative lens is a movable element which is movable along 
the optical axis direction. 

[0179] (3-20) Further, the light converging optical system described in (3-20) is characterized in that: in (3-19), the 
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positive lens and the negative lens satisfy the next expression. 

vdP > vdN (55) 

5 

Where, vdP: the average value of Abbe's number of d line of the positive lens included in the spherical aberration 
correction means : vdN: the average value of Abbe's number of d line of the negative lens included in the spherical 
aberration correction means. 

[0180] (3-21) Further, the light converging optical system described in (3-21) is characterized in that: in (3-20), the 
io positive lens and the negative lens satisfy the next expression. 

vdP > 55.0 (56) 

15 

vdN < 35.0 (57) 

[0181] (3-22) Further, the light converging optical sysLem described in (3-22) is characterized in that: in (3-21), when 
the difference between the average value of Abbe's number of d line of the positive lens included in the spherical 
20 aberration correction means, and the average value of Abbe's number of d line of the negative lens included in the 
spherical aberration correction means is Av, the next expression is satisfied, and the movable element is formed of a 
material whose specific gravity is not larger than 2.0. 

25 30 =i Av ^ 50 (58) 

[0182] (3-23) Further the light converging optical system described in (3-23) is characterized in that: in (3-19), Abbe's 
number of the whole positive lens included in the spherical aberration correction means is not larger than 70.0, and 
Abbe's number of the whole negative lens included in the spherical aberration correction means is not smaller than' 

30 40.0. and has the diffractive surface having at least one ring-shaped diffractive structure. 

[0183] (3-24) Further the light converging optical system described in (3-24) is characterized in that: in (3-22) or 
(3-23), the movable element is formed of the material whose specific gravity is not larger than 2.0. 
[0184] (3-25) Further, the light converging optical system described in (3-25) is characterized in that: in (3-22), (3-13) 
or (3-24), the spherical aberration correction means is formed of the plastic material. 

35 [0185] (3-26) Further, the light converging optical system described in (3-26) is characterized in that: in (3-25), the 
spherical aberration correction means is formed of the material whose saturated water absorption is not larger than 
0.5 %. 

[0186] (3-27) Further, the light converging optical system described in (3-27) is characterized in that: in any one of 
(3-19) to (3-27), the spherical aberration correction means is formed of the material whose internal transmissivity at 

40 the 3 mm thickness in the using wavelength area is not smaller than 85 %. 

[0187] (3-28) Further, the light converging optical system described in (3-28) is characterized in that: in any one of 
(3-19) to (3-27), the spherical aberration correction means is composed of one positive lens and one negative lens, at 
least one aspherical surface, and at least one of the positive lens and the negative lens is a movable element which 
can move along the optical axis direction. 

45 [0188] (3-29) Further, the light converging optical system described in (3-29) is characterized in that: in (3-28), the 
movable element moves along the optical axis direction so thai the interval between the positive lens and the negative 
lens is decreased when the spherical aberration of the optical system is varied to the over side, and when the spherical 
aberration of the optical system is varied to the under side, it moves along the optical axis direction so that the interval 
between the positive lens and the negative lens is increased. 

so [0189] (3-30) Further the light converging optical system described in (3-30) is characterized in that: in (3-28) or 
(3-29), in a plurality of optical information recording media in which the thickness of the transparent substrates are 
different from each other, when the thickness of the transparent substrates of 2 arbitrary optical information recording 
media are t1 and t2 (t1 < t2), the movable element is moved along the optical axis direction so that the interval between 
the positive lens and the negative lens is increased, when the information is recorded or reproduced onto the optical 

55 information recording medium in which the thickness of the transparent substrate is t1 , and when the information is 
recorded or reproduced onto the optical information recording medium in which the thickness of the transparent sub- 
strate is t2, it is moved along the optical axis direction so that the interval between the positive lens and the negative 
lens is decreased. 
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[0190] (3-31) Further, the light converging optical system described in (3-31) is characterized in that: in any one of 
(3-12) to (3-17), the spherical aberration correction means is a coupling lens by which the divergent angle of the di- 
vergent light emitted from the light source is changed, and the coupling lens is a movable element which can be moved 
along the optical axis direction. 
5 [0191] (3-32) Further, the light converging optical system described in (3-32) is characterized in that: in (3-31), the 
spherical aberration correction means is a single lens in which at least one surface is a diffractive surface having the 
ring-shaped diffractive structure. 

[0192] (3-33) Further, the light converging optical system described in (3-32) is characterized in that: in (3-32), in the 
spherical aberration correction means ; at lest one surface is made aspherical surface whose radius of curvature is 
10 increased as it is apart from the optical axis, and at least one surface is made a diffractive surface having the ring- 
shaped diffractive structure. 

[0193] (3-34) Further, the light converging optical system described in (3-34) is characterized in that: in (3-33), in the 
spherical aberration correction means, the surface on the light source side is macroscopically a spherical diffractive 
surface, and the surface far from the light source is an aspherical surface whose radius of curvature is increased as it 
is apart from the optical axis. 

[0194] (3-35) Further, the light converging optical system described in (3-35) is characterized in that: in (3-31 ), the 
spherical aberration correction means is a one group two lens composition in which the positive lens with relatively 
large Abbe's number and the negative lens with relatively small Abbe's number are cemented. 

[0195] (3-36) Further, the light converging optical system described in (3-36) is characterized in thai: in (3-35), the 
20 positive lens and the negative lens satisfy the next expression, and it has at least one aspherical surface. 

vdP > 55.0 (59) 



25 



vdN < 35.0 (60) 



Where, vdP: Abbe's number of d line of the positive lens, vdN: Abbe's number of d line of the negative lens. 
[0196] (3-37) Further, the light converging optical system described in (3-37) is characterized in that: in any one of 
30 (3-31) to (3-36), the spherical aberration correction means is formed of the material whose specific gravity is not larger 
than 2.0. 

[0197] (3-38) Further, the light converging optical system described in (3-38) is characterized in that: in (3-37), the 
spherical aberration correction means is formed of the plastic material. 

[0198] (3-39) Further, the light converging optical system described in (3-39) is characterized in that: in (3-38), the 
35 spherical aberration correction means is formed of the material whose saturated water absorption is not larger than 
0.5 %. 

[0199] (3-40) Further, the light converging optical system described in (3-40) is characterized in that: in any one of 
(3-31) to (3-39), the spherical aberration correction means is formed of the material whose internal transmissivity is 
not smaller than 85 % at the 3 mm thickness in the using wavelength area. 

40 [0200] (3-41) Further, the light converging optical system described in (3-41 ) is characterized in that: in any one of 
(3-31) to (3-40), the spherical aberration correction means moves along the optical axis direction so that the interval 
to the objective lens is increased when the spherical aberration of the light converging optical system is varied to the 
over side, and when the spherical aberration of the light converging optical system is varied to the under side, it moves 
along the optical axis direction so that the interval to the objective lens is decreased. 

45 [0201] (3-42) Further, the light converging optical system described in (3-42) is characterized in that: in any one of 
(3-31 ) to (3-41 ), in a plurality of optical information recording media in which the thickness of the transparent substrates 
are different from each other, when the thickness of the transparent substrates of 2 arbitrary optical information record- 
ing media are t1 and t2 (t1 < t2), the movable element is moved along the optical axis direction so that the interval to 
the objective lens is decreased, when the information is recorded or reproduced onto the optical information recording 

50 medium in which the thickness of the transparent substrate is t1 , and when the information is recorded or reproduced 
onto the optical information recording medium in which the thickness of the transparent substrate is t2, it is moved 
along the optical axis direction so that the interval to the objective lens is increased. 

[0202] (3-43) Further, the light converging optical system described in (3-43) is characterized in that: in any one of 
(3-12) to (3-42), the next expression is satisfied. 



55 



t1 ^ 0.6 mm (61) 
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t2 ^ 0.6 mm 



(62) 



5 



\-\ ^ 500 nm 



(63) 



600 nm ^ X2 ^ 800 nm 



(64) 



w 



NA1 s 0.65 



(65) 



NA2 ^ 0.65 



(66) 



15 



[0203] (3-44) Further the light converging optical system described in (3-44) is characterized in that: in any one of 
(3- 1 2) to (3-43) : the paraxial chromatic aberration of the composite system of the spherical aberration correction means 
and the objective lens satisfies the next expression. 



Where. SfBi: the change of the focal position of the composite system when the wavelength X\ of the light source 
is changed by + 1 nm. 

[0204] (3-45) Further the optical pick-up apparatus described in (3-45) compises: a light converging optical system 
including the light source whose wavelength is different, and the objective lens to light converge the light flux emitted 
from the light source onto the information recording surface, and a spherical aberration correction means arranged 
between the light source and the objective lens; a light receiving means for detecting the reflected light from the re- 
cording surface; the first drive apparatus to drive the objective lens to light converge onto the recording surface by 
detecting the reflected light; and the second drive apparatus to detect the light converging condition of the light flux 
light converged onto the recording surface by detecting the reflected light, and to actuate the spherical aberration 
correction means, wherein the an optical pick-up apparatus for the information recording reproducing by which the 
information can be recorded and/or reproduced onto a plurality of optical information recording media in which the 
thickness of the transparent substrates are different, and the light converging optical system is the light converging 
optical system described in any one of the (3-12) to (3-44). 

[0205] As (3-1 ) : the objective lens appropriate for the optical pick-up apparatus by which the information can be 
recorded or reproduced at the different wavelength onto the arbitrary optical information recording media whose trans- 
parent substrate thickness are different, can be obtained, and when the objective lens is composed of 2 positive lenses, 
the generation amount of the aberration on each of refractive surfaces is small, and even in the light flux in which NA 
is not smaller than 0.65, various aberrations including the spherical aberration can be finely corrected, and further, 
when each of lenses is formed of the material whose specific gravity is not larger than 2.0, even when the objective 
lens is composed of 2 lenses in which the NA is large and the volume of the lens is large, the weight is light, and there 
is no burden on the actuator for focusing of the objective lens, and the high speed tracking can be conducted, or it can 
be driven by a smaller size actuator, and the size of the optical pick-up apparatus can be reduced. Further, when the 
lens is composed of 2 lens composition, even when the NA is large such as not smaller than 0.65, the objective lens 
in which the deterioration of the aberrations due to the errors such as eccentricity of each refractive surface is small 
and which can be easily produced, can be obtained. Further, by the action of thediffractive structure, to the combination 
of the wavelength XI , the thickness t1 of the transparent substrate, and the image side numerical aperture NA1 , under 
the condition in which the wave front aberration is not larger than 0.07 XI , and to the combination of the wavelength 
X2, the thickness t2 of the transparent substrate, and the image side numerical aperture NA2, under the condition in 
which the wave front aberration is not larger than 0.07 X2, because the light flux can be converged onto the information 
recording surface, by using the light sources with the different wavelengths, the information can be adequately recorded 
and/or reproduced onto the optical information recording media with the different transparent substrate thickness. 
[0206] Further, by providing the wavelength characteristic in which the back focus of the objective lens is reduced 
when the oscillation wavelength of the light source is varied to the long wavelength side, onto the diffractivc structure, 
the chromatic aberration generated on the objective lens can be effectively corrected. 

[0207] Further, the first lens of the objective lens according to the present invention may be a 1 group 2 composition 
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lens in which the positive lens having relatively large Abbe's number and the negative lens having relatively small 
Abbe's number are cemented. When the first lens is structured as described above, the chromatic aberration generated 
in the whole objective lens system can be effectively corrected, and further, when the both of the positive lens and the 
negative lens are formed of the material whose specific gravity is not lather than 2.0, even when it is the 1 group 2 lens 

5 composition, it can be formed to a lens with light weight. 

[0208] Further in the same manner as also for the second lens : the second lens may be a 1 group 2 composition 
lens in which the positive lens having relatively large Abbe's number and the negative lens having relatively small 
Abbe's number are cemented. When the second lens is structured as described above, the chromatic aberration gen- 
erated in the whole objective lens system can be effectively corrected, and further, when the both of the positive lens 

10 and the negative lens are formed of the material whose specific gravity is not lather than 2.0, even when it is the 1 
group 2 lens composition, it can be formed to a lens with light weight. 

[0209] As described in (3-2), when each lens is structured by the plastic material, the aspherical surface or diffractive 
structure can be easily added, and further, the mass production becomes possible by the injection molding, and the 
low cost objective lens can be obtained. 

15 [0210] As described in (3-3), in the objective lens in which the spherical aberration is finely corrected to the combi- 
nation of the wavelength M , the thickness t1 of the transparent substrate, and the image side numerical aperture NA1 , 
it is preferable that, to the combination of the wavelength A2, the thickness t2 of the transparent substrate, and the 
image side numerical aperture NA2 : the spherical aberration to the range of the necessary numerical aperture NA2 is 
corrected by the action of Lhe diffractive structure, and in the range from the numerical aperture NA2 to the NA1 , the 

20 spherical aberration is largely generated as the flare component. When the light flux of the wavelength X2 is incident 
so that it passes through the whole aperture determined by the wavelength A1 and the numerical aperture NA1 , in the 
light flux more than the numerical aperture NA2 which does not contribute to the focusing of the spot because the 
spot diameter is not too small on the information recording surface, the detection of the unnecessary signal in the light 
receiving means of the optical pick-up apparatus can be prevented, and further, because it is not necessary that a 

25 means for switching the aperture corresponding to the combination of respective wavelengths and the numerical ap- 
ertures is provided, the simple optical pick-up apparatus can be obtained. 

[0211] As described in (3-4), when the position of the object point to the recording medium in which the transparent 
substrate thickness is small is equal to the position of the object point to the recording medium in which the transparent 
substrate thickness is large, for example, when the coHimated parallel light is incident on the objective lens in any 

30 chase, the spherical aberration due to the difference of the thickness of the transparent substrate is corrected by the 
action of only the diffractive structure. Further, because it is not necessary that the mechanism to change the divergent 
degree of the light flux incident on the objective lens is provided to respective recording media in which the thickness 
of the transparent substrate is different, the simple structure optical pick-up apparatus can be obtained. 
[0212] As described in (3-5), when the position of the object point to the recording medium in which the transparent 

35 substrate thickness is small is different from the position of the object point to the recording medium in which the 
transparent substrate thickness is large, for example, when the parallel light is incident on the objective lens to the 
recording medium in which the transparent substrate thickness is small, and when the divergent light is incident on the 
objective lens to the recording medium in which the transparent substrate thickness is large, because the spherical 
aberration due to the difference of the thickness of the transparent substrate can be corrected to a certain extent by 

40 the difference of the object point, the spherical aberration can be more accurately corrected. Further, because the 
burden of the spherical aberration correction of the diffractive structure can be lightened, the shape of the diffractive 
structure can be the easily producible shape, and the diffraction efficiency can be increased. Further, when the divergent 
light is incident on the objective lens to the recording medium in which the thickness of the transparent substrate is 
large, because the working distance can be secured largely, the contact of the objective lens with the recording medium 

45 by the warping or inclination of the recording medium can be prevented. 

[0213] As described in (3-6), in the 4 refractive surfaces in total, when at least 2 surfaces from the first surface to 
the third surface are aspherical surfaces, other than the spherical aberration, further the coma and astigmatism can 
be finely corrected, and the deterioration of the light converging performance due to the tilt of the objective lens or the 
dislocation between the optical axis and the light source can be reduced. Further, when the lens is made of plastic, 

50 the refractive surface can be easily formed to the aspherical surface, and the production cost is not increased. 

[0214] The conditional expression described in (3-7) relates to the ring-shaped zone interval of the diffractive struc- 
ture, that is, the interval between the ring-shaped zones of the direction perpendicular to the optical axis. When the 
optical path function has only the optical path function coefficient (also called the diffractive surface coefficient), (Ph/ 
Pf) -2 = 0, but, in the present invention, in order to finely correct the difference of the spherical aberration generated 

55 due to the difference of the transparent substrate thickness by the action of the diffraction, it is preferable that the 
higher order optical path difference function coefficient of the optical path difference function is used. In this case, it is 
preferable that (Ph/Pf) -2 is a value some extent apart from 0, and when it is larger than the lower limit in the conditional 
expression, because the action of the diffraction to correct the higher order spherical aberration is increased, the dif- 
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ference of the spherical aberration between 2 wavelengths generated due to the difference of the transparent substrate 
thickness can be finely corrected. When it is lower than the upper limit in the conditional expression, the ring-shaped 
zone interval of the diffractive structure does not become too small, and the diffractive lens whose diffraction efficiency 
is high, can be easily produced. 

5 [0215] The conditional expression (47) described in (3-8) is the expression by which the refractive force distribution 
of the first lens and the second lens can be conducted, and when it does not exceed the upper limit of the conditional 
expression (47), the third surface, that is, the radius of curvature of the surface of the light source side of the second 
lens does not become too small, and the aberration deterioration due to the optical axis dislocation can be suppressed 
to small, and when the lower limit of the conditional expression (47) is not exceeded, the image height characteristic 

10 such as the coma or astigmatism can be finely corrected. Further, when the upper limit of the conditional expression 
(48) is not exceeded, the degree of the meniscus of the first lens is not too large, the spherical aberration due to the 
axis dislocation between the first surface and the second surface of the fist lens is not too large. When the lower limit 
is not exceeded, the correction of the spherical aberration is not insufficient. 

[0216] When the conditional expressions (49) to (54) described in (3-9) are satisfied, the recording • reproducing 
15 onto both the optical information recording medium such as, for example, the DVD and the optical information recording 
medium with the higher density, can be conducted. Further, when the transparent substrate thickness of the optical 
information recording medium is not larger than 0.6 mm, the correction effect of the spherical aberration by the trans- 
parent substrate is reduced, but, because the objective lens is 2 lens composition, the spherical aberration can be 
sufficiently corrected, and further, even when the NA of the objective lens is not smaller than 0.65, the generation of 
20 the coma due to the minute tilt or warping of the optical information recording medium is small, and the fine light 
converging performance can be obtained. 

[021 7] As described in (3-1 0), when the material whose internal transmissivity to the 3 mm thick material in the using 
wavelength range, is notsmallerthan 85% is used, the intensity of the light for the recording can be sufficiently obtained, 
and even when the light passes through the objective lens in going and returning, at the reading out for the reproducing, 

25 the light amount incident on the sensor can be sufficiently obtained, and the S/N ratio of the reading out signal can be 
increased. Further, when the wavelength is not larger than 500 nm, specially, about 400 nm, although the deterioration 
of the lens material due to the absorption can not be neglected, when the objective lens is formed of the material which 
satisfies the above conditions, the influence of the deterioration is slight, and it can be used semi-permanently. 
[0218] When the material is selected as described in (3-11), in the process in which each lens absorbs the water in 

30 the air, the refractive index distribution due to the difference of the water absorption is hardly generated in the lens, 
and the aberration thereby can be decreased. Specially, when the NA is large, there is an inclination that the generation 
of the aberration is increased, however, it can be sufficiently decreased when it is made as described above. 
[0219] As described above, by (3-1) to (3-11), a good objective lens can be obtained by applying for the recording • 
reproducing onto several kinds of the optical information recording medium, however, when the recording density is 

35 increased by using the light source in which the NA is large and the wavelength is shorter, the influence of various 
errors, specially, the variation of the spherical aberration can not be neglected. Accordingly, when the spherical aber- 
ration correction means for correcting the variation of the spherical aberration is provided between the light source and 
the objective lens as described in (3- 12), even when there are the various errors, the good light converging charac- 
teristic can be maintained, and a good light converging optical system for recording . reproducing onto several kinds 

40 of optical information recording media can be obtained. 

[0220] As described in (3-13), when a spherical aberration correction means for correcting the spherical aberration 
generated due to the change of the temperature • humidity in the objective lens, specially in the objective lens formed 
of the plastic lens, is provided, the light converging optical system in which the light converging spot is good even for 
the environmental change, can be obtained. 

45 [0221] As described in (3-14), when a spherical aberration correction means for correcting the variation of the spher- 
ical aberration generated by the variation of the transparent substrate thickness of the optical information recording 
medium is provided, even when the production error exists in the optical information recording medium, the light con- 
verging optical system in which the light converging spot is good, can be obtained. 

[0222] As described in (3-15), when a spherical aberration correction means for correcting the variation of the spher- 
50 jcal aberration generated by the difference of the oscillation wavelength of the light source is provided, even when the 
error exists in the light source apparatus, the light converging optical system in which the light converging spot is good, 
can be obtained. 

[0223] As described in (3-1 6), when a spherical aberration correction means for correcting the variation of the spher- 
ical aberration generated by the combinations of at least two of the temperature • humidity change, variation of the 
55 transparent substrate thickness of the optical information recording medium, and variation of the oscillation wavelength 
of the light source, is provided, the light converging optical system in which the light converging characteristic is always 
good, can be obtained. When such the spherical aberration correction means is provided, the requirement accuracy 
for the objective lens, light source, and the optical information recording medium is not too severe, and in spite of that, 
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the light converging optical system having the good performance, can be obtained. 

[0224] According to (3-17), the spherical aberration correction means can change the divergent angle so that the 
light flux incident on the objective lens is changed corresponding to the kind of the optical information recording medium 
from the infinite light to the definite light, reversely, from the definite light to the infinite light. 

5 [0225] As described in (3-18), by an apparatus by which the distribution of the refractive index is generated by, for 
example, the voltage application, when the variation of the spherical aberration is corrected, there is no movable portion, 
and the light converging optical system having the mechanically simple structure can be obtained. 
[0226] As described in (3-19), when the spherical aberration correction means is the structure of a beam expander 
including at least one positive lens and at least one negative lens, and at least one lens can be moved along the optical 

10 axis direction , the divergent degree of the light flux incident on the objective lens can be changed, and the spherical 
aberration can be changed. Further, when the positive lens and the negative lens are included, the chromatic aberration 
is easily corrected, and when the lens position is fixed, the divergent degree by the wavelength variation, that is, the 
variation of the spherical aberration can be suppressed, and even when the spherical aberration correction means can 
not follow by the instantaneously generated wavelength variation such as the mode hop, the light converging optical 

15 system in which the light converging spot is good, can be obtained. 

[0227] When Abbe's numbers of the positive lens and the negative lens are selected so that the conditional expression 
(55) of (3-20) is satisfied, the light converging optical system having the spherical aberration correction means in which 
the chromatic aberration is finely corrected, can be obtained. 

[0228] When the conditional expression (56) and the conditional expression (57) of (3-21) are satisfied, the light 
20 converging optical system having the spherical aberration correction means in which the chromatic aberration is more 
finely corrected, can be obtained. 

[0229] It is more preferable when the difference of Abbe's numbers of the positive lens and the positive lens is 
selected so that the conditional expression (58) of (3-22) is satisfied. When the lower limit of the conditional expression 
(58) is not exceeded, the correction of the chromatic aberration becomes easy, and the refractive force of the positive 
lens and the negative lens is not too large, and the chromatic aberration can be corrected, and the light converging 
optical system in which the deterioration of the image height characteristic such as the coma is small, can be obtained. 
When the upper limit of the conditional expression (58) is not exceeded, the material can be easily obtained, and it 
does not become the material in which there is a problem in the internal transmissivity or process-ability. Further, when 
the material of the movable element is formed of the material whose specific gravity is not larger than 2.0, the movable 
30 element is sufficiently light, and even when the variation of the spherical aberration is quickly generated, the light 
converging optical system having the spherical aberration correction means which can easily follow up it, can be ob- 
tained. 

[0230] As described in (3-23), when the positive lens is formed of the material in which Abbe's number is not larger 
than 70, the material in which the acid resistance or weather resistance is excellent, can be selected, and when the 

35 negative lens is formed of the material in which Abbe's number is not smaller than 40, the material in which the internal 
transmissivity, specially, the transmissivity in the short wavelength is excellent, can be selected, and when the ring- 
shaped diffractive structure is provided, the correction of the chromatic aberration can also be sufficiently conducted. 
Further, when the wavelength characteristic in which the same order diffracted light ray by the light flux with at least 2 
different wavelengths respectively form good wave fronts to at least 2 kinds of optical information recording media 

40 whose thickness of the transparent substrate are different, is provided on the diffractive structure, the recording and/ 
or reproducing onto a plurality of the optical information recording media in which the thickness of the transparent 
substrates are different can be conducted. 

[0231] As described in (3-24), when the movable element is formed of the material whose specific gravity is not larger 
than 2.0, the movable element is sufficiently light, and even when the variation of the spherical aberration is quickly 
45 generated, the light converging optical system having the spherical aberration correction means which can easily follow 
up it, can be obtained. 

[0232] As described in (3-25), when each lens is structured by the plastic material, the mass production is further 
possible, and the low cost spherical aberration correction means can be obtained. 

[0233] when the system is processed as described in (3-26), in the process in which each lens absorbs the water in 
50 the air, the refractive index distribution due to the difference of the water absorption is hardly generated in the lens, 
and the spherical aberration generated thereby or the diffraction efficiency lowering due to the phase change can be 
suppressed. Specially, when the NA is large, there is an inclination that the spherical aberration or the diffraction 
efficiency lowering is increased, but when it is carried out as described above, they can be sufficiently reduced. 
[0234] As described in (3-27), when the material in which the internal transmissivity is not smaller than 85 % to the 
55 3 mm thickness of the material in the using wavelength range, is used, the intensity of the light for the recording, or 
even when the light passes through the spherical aberration correction means at going and returning at the time of 
reading out for reproducing, and is incident on the sensor, the light amount can be sufficiently obtained, and the S/N 
ratio of the reading out signal can be increased. Further, when the wavelength is not larger than 500 nm, specially, 
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about 400 nm : the deterioration of the lens material due to the absorption can not be neglected, but when the material 
in which the above condition is satisfied, is used for the spherical aberration correction means, the influence of the 
deterioration is slight, and it can be used semi-permanently. 

[0235] When the spherical aberration correction means is structured as described in (3-28). although the structure 

5 is simple and the cost is low, the spherical aberration correction means having good performance can be realized. 
[0236] As described in (3-29), in the case where the spherical aberration is varied to the over (correction over) di- 
rection in the light converging optical system, when the interval between the positive and the negative lenses is made 
so as to be decreased, that is, when the divergent degree of the light flux incident on the objective lens is made so as 
to be increased, the spherical aberration in the under (correction under) direction is generated in the objective lens, 

10 and on the whole, the spherical aberration is corrected. Reversely, in the case where the spherical aberration is varied 
to the under (correction under) direction in the light converging optical system, when the interval between the positive 
and the negative lenses is made so as to be increased, that is, when the divergent degree of the light flux incident on 
the objective lens is made so as to be decreased, the over (correction over) spherical aberration is generated in the 
objective lens, therefore, on the whole system, the spherical aberration is corrected. 

15 [0237] In the case where the objective lens is corrected so that the aberration becomes good to the transparent 
substrate whose thickness is t1 , when the recording and/or the reproducing of the information is conducted onto the 
optical information recording medium having the transparent substrate whose thickness is t2, the spherical aberration 
of the over direction is generated in the transparent substrate. In this case, as described in (3-30), when the interval 
between the positive lens and the negative lens is made so as to be decreased, that is, when the divergent degree of 

20 the light flux incident on the objective lens is made so as to be increased, the spherical aberration of the under direction 
is generated in the objective lens, and on the whole, the spherical aberration is corrected. Further, in the case where 
the objective lens is corrected so that the aberration becomes good to the transparent substrate whose thickness is 
t2 t when the recording and/or the reproducing of the information is conducted onto the optical information recording 
medium having the transparent substrate whose thickness is t1 . the spherical aberration of the under direction is gen- 

25 erated in the transparent substrate, therefore, when the interval between the positive lens and the negative lens is 
made so as to be increased, that is, when the divergent degree of the light flux incident on the objective lens is made 
so as to be decreased, the spherical aberration of the over direction is generated in the objective lens, and on the 
whole, the spherical aberration is corrected. 

[0238] According to (3-31), as the spherical aberration means, a coupling lens which is a movable element so that 
30 it can move in the optical axis direction, is arranged between the light source and the objective lens, and the variation- 
of the spherical aberration generated on each optical surface including the optical information recording medium can 
be corrected by moving the coupling lens : and the divergent angle can be changed so that the light flux in which the 
coupling lens makes incident on the objective lens corresponding to the kind of the optical information recording me- 
dium, is changed from the infinite light to the definite light, reversely, from the definite light to the infinite light. 
35 [0239] According to (3-32), by the coupling lens, the axial chromatic aberration can be corrected on the ring-shaped 
diffractive surface, and the spherical aberration correction means with a simple structure can be formed. Further, when 
the wavelength characteristic in which the same order diffracted light ray by the light flux with at least 2 different wave- 
lengths respectively form good wave fronts to at least 2 kinds of optical information recording media whose thickness 
of the transparent substrate are different, is provided on the diffractive structure, the recording and/or reproducing onto 
40 a plurality of the optical information recording media in which the thickness of the transparent substrates are different, 
can be conducted. 

[0240] As described in (3-33), when at least one surface is formed to an aspherical surface in which the radius of 
curvature is increased as it is apart from the optical axis, even when it is a one piece of coupling lens, the spherical 
aberration can be finely corrected, and further, when one surface is formed to the ring-shaped diffractive surface, the 

45 chromatic aberration can be overly corrected. 

[0241 ] As described in (3-34), when the surface far from the light source of the coupling lens is formed to an aspherical 
surface in which the radius of curvature is increased as it is apart from the optical axis, the coma other than the spherical 
aberration can also be corrected. Further, when the surface on the light source side is formed to a macroscopically 
spherical diffractive surface, although it is the simple structure ; the chromatic aberration can be overly corrected as 

50 described above. 

[0242] As described in (3-35), even when the coupling lens is structured by 1 group 2 composition cemented lens, 
the spherical aberration correction means in which the chromatic aberration is adequately over-corrected, can be ob- 
tained. 

[0243] As described in (3-36), when at least one surface is an aspherical surface, because the spherical aberration 
55 can be corrected, the correction effect of the spherical aberration by the cemented surface may not be expected, and 
the correction of the chromatic aberration can be appropriately conducted. When the conditional expressions (59) and 
(60) are satisfied, the spherical aberration correction means having the better performance can be obtained. 
[0244] As described in (3-37), when the coupling lens is formed of the material whose specific gravity is not larger 
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than 2.0, the weight of the spherical aberration correction means can be sufficiently light, and even when the variation 
of the spherical aberration is quickly generated, the light converging optical system having the spherical aberration 
correction means which can easily follow up it, can be obtained. 

[0245] As described in (3*38), when the coupling lens is structured by the plastic material, the mass production further 
5 becomes possible by the injection molding, and the low cost spherical aberration correction means can be obtained. 
[0246] When it is processed as described in (3-39), in the process in which the coupling lens absorbs the water in 
the air, the refractive index distribution due to the difference of the water absorption is hardly generated in the lens, 
and the spherical aberration generated thereby or the diffraction efficiency lowering due to the phase change can be 
suppressed. Specially, when the NA is large, there is an inclination that the spherical aberration or the diffraction 
10 efficiency lowering is increased, but when it is carried out as described above, they can be sufficiently reduced. 

[0247] As described in (3-40), when the material in which the internal transmissivity is not smaller than 85 % to the 
3 mm thickness of the material in the using wavelength range, is a material of the coupling lens, the intensity of the 
light for the recording is sufficiently obtained, or even when the light passes through the spherical aberration correction 
means at going and returning at the time of reading out for reproducing, and is incident on the sensor the light amount 
*5 can be sufficiently obtained, and the S/N ratio of the reading out signal can be increased. Further, when the wavelength 
is not larger than 500 nm, specially, about 400 nm, the deterioration of the lens material due to the absorption can not 
be neglected, but when the material in which the above condition is satisfied is used for the spherical aberration cor- 
rection means, the influence of the deterioration is slight, and it can be used semi-permanently. 

[0248] As described in (3-41), in the case where, in the lighl converging optical system, the spherical aberration is 

20 varied to the over direction, when the coupling lens is varied so that the interval to the objective lens is increased; that 
is, when the divergent degree of the light flux incident on the objective lens is made so as to be increased, the spherical 
aberration in the under direction is generated in the objective lens, and on the whole, the spherical aberration is cor- 
rected. Reversely, in the case where, in the light converging optical system, the spherical aberration is varied to the 
under direction, when the coupling lens is varied so that the interval to the objective lens is decreased, that is, when 

25 the divergent degree of the light flux incident on the objective lens is made so as to be decreased, the over spherical 
aberration is generated in the objective lens, therefore, on the whole system, the spherical aberration is corrected. 
[0249] In the case where the objective lens is corrected so that the aberration becomes good to the transparent 
substrate whose thickness is t1 , when the recording and/or the reproducing of the information is conducted onto the 
optical information recording medium having the transparent substrate whose thickness is t2, the spherical aberration 

30 of the over direction is generated in the transparent substrate. In this case, as described in (3-42), when the coupling 
lens is moved so that the interval to the objective lens is increased, that is ; when the divergent degree of the light flux 
incident on the objective lens is increased, the spherical aberration of the under direction is generated in the objective 
lens, and on the whole, the spherical aberration is corrected. Further, in the case where the objective lens is corrected 
so that the aberration becomes good to the transparent substrate whose thickness is t2, when the recording and/or 

35 the reproducing of the information is conducted onto the optical information recording medium having the transparent 
substrate whose thickness is t1 , the spherical aberration of the under direction is generated in the transparent substrate, 
therefore, when the coupling lens is moved so that the interval to the objective lens is decreased, that is, when the 
divergent degree of the light flux incident on the objective lens is made so as to be decreased, the spherical aberration 
of the over direction is generated in the objective lens, and on the whole, the spherical aberration is corrected. 

40 [0250] When the conditional expressions (61 ) to (66) of (3-43) are satisfied, the light converging optical system which 
can record • reproduce onto both of the optical information recording medium such as, for example, DVD, and the 
higher density optical information recording medium, can be obtained. 

[0251] When the chromatic aberration is corrected so that the conditional expression (67) of (3-44) is satisfied, even 
when the NA is not smaller than 0.65, the spread of the spot size due to the minute wavelength variation of the light 

45 source can be sufficiently prevented. 

[0252] When the optical pick-up apparatus is structured as described in (3-45), the high performance and low cost 
optical pick-up apparatus by which the recording and/or reproducing onto both of the optical information recording 
medium in which the recording bit size is small and the recording density is large, and the optical information recording 
medium in which the recording bit size is comparatively large and the recording density is comparatively small, is finely 

50 conducted, can be obtained. Further, by the selection of the light converging optical system, the optical pick-up appa- 
ratus having the above-described characteristic is obtained. 

[0253] (4-1 ) The light conversing optical system described in (4-1 ) is a light converging optical system of an optical 
pick-up apparatus for recording and/or reproducing of the optical information recording medium including a coupling 
lens to convert the divergent angle of the divergent light emitted from the light source, and an objective lens to light 
55 converge the light flux passed through the coupling lens onto the information recording surface through the transparent 
substrate of the optical information recording medium, wherein the ring-shaped diffractive structure is formed on at 
least one optical surface of the optical element constituting the light converging optical system, and the coupling lens 
is two group composition, and when at least one lens group constituting the coupling lens is moved along the optical 
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axis direction, the variation of the spherical aberration generated on each optical surface of the light converging optical 
system is corrected. 

[0254] The light converging optical system described in (4-1 ) relates to a preferable structure of the light converging 
optical system used for an optical pick-up apparatus to conduct the recording and/or reproducing onto the optical 

5 information recording medium of the next generation of the higher density ■ larger capacity than DVD. When the dif- 
fractive structure having the wavelength characteristic in which the back focus of the objective lens is decreased when 
the wavelength of the light source side is minutely changed to the long wavelength side, is provided on at least one 
surface of the optical element constituting the light converging optical system, the axial chromatic aberration generated 
in the objective lens, which is a problem when the light source of short wavelength such as the blue violet semiconductor 

10 laser is used, is effectively corrected. The position to provide the diffractive structure may also be on the optical element 
except for the coupling lens optionally arranged on the light source side from the objective lens, however, when it is 
provided on the objective lens and/or the coupling lens, because the structural elements of the light converging optical 
system are not increased, the optical pick-up apparatus can be made to small size, which is preferable. Further, when 
the diffractive structure is provided on the optical surface of the coupling lens, because the diffraction power can be 

15 shared among more than 2 optical surfaces, the minimum ring-shaped zone interval of the diffractive structure provided 
on one optical surface can be increased, thereby, the diffraction efficiency can be increased. 

[0255] Further, in two lens groups constituting the coupling lens, when at least one can be moved along the optical 
axis direction, the variation of the spherical aberration generated on each optical surface in the light converging optical 
system, specially, on the opLical surface of the objective lens, can be corrected. The spherical aberration largely gen- 

20 erated in the objective lens due to the minute variation of the oscillation wavelength of the light source, and/or temper- 
ature and humidity change, and/or the error of the thickness of the transparent substrate of the optical information 
recording medium, which is a problem when the high numerical aperture objective lens necessary for recording the 
information in the higher density than the conventional optical information recording medium, and/or reproducing the 
information recorded in the higher density, is used, can be corrected in real time, therefore, the adequate spot can 

25 always be formed on the information recording surface of the optical information recording medium. 

[0256] Further, when the lens group which can be moved of the coupling lens is moved along the optical axis, the 
spherical aberration generated due to the molding error of the optical element forming the light converging optical 
system can also be corrected. Generally, when the optical system is produced by the molding method using the metallic 
die, the error is, for example, thethickness errorof the center or the shape error of the optical surface, which is generated 

30 due to the processing error of the metallic die, or the molding error of the optical element. When the component of the 
aberration generated by these errors is the third order spherical aberration, in the light converging optical system 
according to the present invention, it can be corrected when the lens group which can be moved, of the coupling lens 
is moved along the optical axis direction. Accordingly, the tolerance amount at the production of the optical element 
forming the light converging optical system can be made large, thereby, the productivity can be increased. 

35 [0257] (4-2) The light converging optical system described in (4-2) is characterized in that: the light source emits the 
light of the wavelength not larger than 600 nm, and the axial chromatic aberration generated by the refractive action 
of each refractive surface in light converging optical system and the axial chromatic aberration generated by the dif- 
fractive structure are cancelled. 

[0258] As described in (4-2), when the light source which generates the oscillation wavelength of not larger than 600 
^o nm is used, the recording in the higher density than the conventional optical information recording medium, and /or 
the reproducing of the high density recorded information can be conducted onto the optical information recording me- 
dium, however, the axial chromatic aberration generated in the light converging optical system, specially, in the objective 
lens is a problem. When the axial chromatic aberration generated on each refractive surface of the light converging 
optical system and the axial chromatic aberration with the reversal polarity are generated in the diffractive structure, 
^5 the wave front when the spot is formed on the information recording surface of the optical information recording medium 
through the light converging optical system is in the condition that the axial chromatic aberration is cancelled, and on 
the whole of the light converging optical system, in the range of the variation of the wavelength of the light source, the 
system in which the axial chromatic aberration is corrected, can be structured. 

[0259] In this connection, it is preferable that the light converging optical system of the present invention is formed 
50 of the optical material in which the internal transmissivity is not smaller than 85 % at the 3 mm thickness to the light of 
the oscillation wavelength of the light source. When the short wavelength light source having the oscillation wavelength 
of not larger than 600 nm, specially, about 400 nm, is used, the lowering of the transmissivity due to the absorption of 
the light of the optical material is a problem, but when the light converging optical system is formed of the material 
having the internal transmissivity as described above, even when the output of the light source is not increased at the 
55 recording, the spot of the high light amount can be formed, and further, the S/N ratio of the reading out signal at the 
time of the reproducing can be increased. 

[0260] Further, it is preferable that the light converging optical system of the present invention is formed of the material 
in which the saturated water absorption is not larger than 0.5 %. When the system is thus formed, the refractive index 
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distribution due to the difference of the water absorption is hardly generated in the optical element, in the process in 
which each optical element constituting the light converging optical system absorbs the water in the air, and the aber- 
ration generated thereby or the lowering of the diffraction efficiency due to the phase change, can be suppressed. 
Specially, when the numerical aperture of the objective fens is large, there is an inclination that the aberration generation 
or the diffraction efficiency lowering is increased, however, when it is formed as described above, they can be sup- 
pressed to sufficiently small. 

[0261] (4-3) The light converging optical system described in (4-3) is characterized in that: the axial chromatic ab- 
erration of the composite system composed of the coupling lens, the optical element on which the diffractive structure 
is provided, and the objective lens, satisfies the following expression. 

lAfB • NA 2 I ^ 0.25 (68) 

Where, NA: the image side numerical aperture of a predetermined objective lens necessary for conducting the 
recording and/or reproducing onto the optical information recording medium, AfB: the change (urn) of the focal distance 
of the composite system when the wavelength of the light source is changed by + 1 nm. 

[0262] In the case where, by using the action of the diffractive structure, the axial chromatic aberration of the light 
converging optical system, that is, the axial chromatic aberration generated on each refractive surface of the light 
converging optical system is corrected, it is preferable that the axial chromatic aberration of the composite system 
composed of the coupling lens, the optical element on which the diffractive structure is provided, and the objective 
lens, satisfies the conditional expression (68) of (4-3). 

[0263] (4-4) The light converging optical system described in (4-4) is characterized in that: the image side numerical 
aperture of a predetermined objective lens necessary for conducting the recording and/or reproducing onto the optical 
information recording medium is not smaller than 0.65, and the thickness of the transparent substrate of the optical 
information recording medium is not larger than 0.6 mm. 

[0264] As described in (4-4), when the image side numerical aperture (NA) of a predetermined objective lens nec- 
essary for conducting the recording and/or reproducing onto the optical information recording medium is increased to 
not smaller than 0.65 (in the conventional optical information recording medium, for example, in the CD, 0.45, and in 
the DVD, 0.60), because the size of the spot converged onto the information recording surface can be decreased, the 
recording in the higher density than the conventional optical information recording medium and/or the reproduction of 
the information recorded in the higher density can be conducted onto the optical information recording medium. How- 
ever, when the numerical aperture of the objective lens is thus increased, the generation of the coma due to the incli- 
nation of the optical information recording medium from the surface perpendicular to the optical axis, or the warping 
is increased, which is a problem. When the thickness of the transparent substrate of the optical information recording 
medium is decreased, such the generation of the coma can be suppressed. When the numerical aperture of the ob- 
jective lens is increased to not smaller than 0.65, it is preferable that the thickness (t) of the transparent substrate of 
the optical information recording medium is decreased to not larger than 0.6 mm (in the conventional optical information 
recording medium, for example, in the CD, 1 .2 mm, and in the DVD, 0.6 mm). Specifically, it is preferable that, in the 
case of 0.65 = NA ^ 0.70 : 0.3 ^ t ^ 0.6 mm, and in the case of 0.70 ^ NA ^ 0.85, 0.0 ^ t ^ 0.3 mm. 
[0265] (4-5) The light converging optical system described in (4-5) is characterized in that: in the lens groups con- 
stituting the coupling lens, the lens group which can be moved along the optical axis, has the positive refracting power, 
and satisfies the next expression. 

45 4 ^ f cP /f OBJ = 1 - 7 (69) 

Where, f CP : the focal distance (mm) of the lens group having the positive refracting power which can be moved 
along the optical axis, f OBJ : the focal distance (mm) of the objective lens. 

[0266] As described in (4-5), when, in lens groups constituting the coupling lens, the lens group having the positive 
refracting power is made movable along the optical axis, it is preferable that the expression (69) is satisfied. When the 
upper limit of the expression (69) is not exceeded, it is enough that the movement amount for correcting the spherical 
aberration variation generated in the light converging optical system is small, therefore, on the whole, the compact 
light converging optical system can be formed. When the lower limit of the expression (69) is not exceeded, because 
the refracting power of the lens group which can be moved, can be suppressed to small, the generation of the aberration 
in the lens group which can be moved, can be suppressed. Further, when both of 2 lens groups constituting the coupling 
lens have the positive refracting power, by satisfying the expression (69), because the share of the refracting power 
on the 2 lens groups can be well balanced, respective lens groups can be formed to the shape which can be easily 
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produced 

[0267] (4-6) The light converging optical system described in (4-6) is characterized in that: in the lens groups con- 
stituting the coupling lens, the lens group which can be moved along the optical axis, has the negative refracting power, 
and satisfies the next expression. 

-20 ^ f CN /f OBJ ^ -3 (70) 
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30 



Where, f CN : the focal distance (mm) of the lens group having the negative refracting power which can be moved 
10 along the optical axis, f OBJ : the focal distance (mm) of the objective lens. 

[0268] As described in (4-6), when, in lens groups constituting the coupling lens ; the lens group having the negative 
refracting power is made movable along the optical axis, it is preferable that the expression (70) is satisfied. When the 
lower limit of the expression (70) is not exceeded, it is enough that the movement amount for correcting the spherical 
aberration variation generated in the light converging optical system is small, therefore, on the whole, the compact 
light converging optical system can be formed. When the upper limit of the expression (70) is not exceeded, because 
the refracting power of the lens group which can be moved, can be suppressed to small, the generation of the aberration 
in the lens group which can be moved, can be suppressed. Further, because, in the 2 lens groups constituting the 
coupling lens, the refracting power of the lens group having the positive refracting power can be suppressed to small, 
the generation of the aberration in the lens group having the positive refracting power can be suppressed, and the lens 
20 group can be formed to the shape which can be easily produced. 

[0269] (4-7) The light converging optical system described in (4-7) is characterized in that: the objective lens is one 
group 1 lens composition, and at least one surface is formed to the aspherical surface. 

[0270] As described in (4-7), when the objective lens is one group one lens composition in which at least one surface 
is an aspherical surface, an objective lens which is a simple structure such as one group one lens composition, and 
by which the spherical aberration and the coma are finely corrected, and which is adequate for the optical pick-up 
apparatus by which the recording in higher density than the conventional optical information recording medium and/ 
or reproducing of the information which is high density recorded, can be conducted onto the optical information record- 
ing medium, can be obtained. Further, it is more preferable that both surfaces are formed to the aspherical surfaces, 
and thereby, the aberration can be more accurately corrected. Further, when the objective lens is structured by the 
one group one lens composition, even when the numerical aperture is increased, because the working distance can 
be secured largely, the contact of the objective lens with the optical recording medium due to the warping or the incli- 
nation of the optical information recording medium, can be prevented. 

[0271] (4-8) The light converging optical system described in (4-8) is characterized in that: the objective lens is 2 
group 2 lens composition, and at least 2 surfaces of the lenses from the first surface to the third surface are aspherical 
35 surfaces. 

[0272] As described in (4-8), when the objective lens is the 2 group 2 lens composition, because the refracting power 
to the light beams can be shared on 4 surfaces, even when the numerical aperture is increased, it is enough that the 
refracting power for one surface is small. As the result, the eccentricity tolerance between the lens surfaces at the time 
of the metallic mold processing or the lens formation can be increased, thereby, it can be a lens which can be easily 
40 produced. Further, when the refracting power to the light beams is shared on 4 surfaces, because the allowance is 
generated in the aberration correction action of the aspherical surface provided on at least 2 surfaces from the first 
surface to the third surface, the spherical aberration and the coma can be accurately corrected. In this case, it is 
preferable that 2 surfaces of at least the first surface and the third surface are aspherical surfaces. Further, when the 
second surface is also aspherical surface, because the aberration generated due to the dislocation of the optical axis 
45 of the first lens and the second lens can be suppressed to small, it is more preferable. 

[0273] (4-9) In the light converging optical system described in (4-9), because the optical element on which the 
diffractive structure is provided is formed of the plastic material, the diffractive structure can be easily added, and 
further, it can be produced in the mass production at low cost by the injection molding method using the metallic die. 
[0274] (4-10) Because the lighl converging optical syslem described in (4-10) can suppresses the inerlial force al 
the movement to small, when the lens group which can be moved along the optical axis direction in the lens groups 
constituting the coupling lens is formed of the material whose specific gravity is not larger than 2.0, thereby, the more 
quick movement is possible, it is preferable. Further, because it is enough that the drive current of the actuator as the 
drive apparatus to move the lens group which can be moved, is small, the smaller sized actuator can be used. 
[0275] (4-11) In the light converging optical system described in (4-11), in the case where the light amount of n-th (n 
is an integer other than 0, ± 1 ) order diffracted light generated in the diffractive structure is larger than the light amount 
of any other order diffracted light, and the light converging optical system can converge the n-th order diffracted light 
generated in the diffractive structure to record and/or reproduce the information to the optical information recording 
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medium onto the information recording surface of the optical information recording medium, when the diffractive struc- 
ture is formed of a plurality of ring-shaped zones, because the ring-shaped zone interval can be formed largely the 
production becomes easy, and it is preferable. 

[0276] (4-12) In the light converging optical system described in (4-12), in the case where at least one lens group 
constituting the coupling lens is moved along the optical axis direction, when the variation of the spherical aberration 
generated on each optical surface of the light converging optical system due to the variation of the oscillation wavelength 
of the light source is corrected, because the fine spot can be formed on the information recording surface of the optical 
information recording medium, the selection of the light source becomes unnecessary, which is preferable 
[0277] (4-13) In the light converging optical system described in (4-13), the objective lens includes at least one lens 
formed of the plastic material, and in the case where at least one lens group constituting the coupling lens is moved 
along the optical axis, when the variation of the spherical aberration generated on each optical surface of the light 
converging optical system due to the temperature and humidity change is corrected, even when it is a plastic lens 
which is apt to generate the lowering of the image formation performance due to the temperature change or the humidity 
change, because it can be used as the objective lens with high numerical aperture, the great cost reduction of the 
optical pick-up apparatus can be attained, 

[0278] (4-14) In the light converging optical system described in (4-14), in the case where at least one lens group 
constituting the coupling lens is moved along the optical axis, when the variation of the spherical aberration generated 
due to the variation of the thickness of the transparent substrate of the information recording medium is corrected 
because the tolerance production error or the optical information recording medium can be increased, the productivitv 
can be enhanced. ' 

[0279] (4-15) The light converging optical system described in (4-15) is characterized in that: when at least one lens 
group constituting the coupling lens is moved along the optical axis, the variation of the spherical aberration generated 
on each optical surface of the light converging optical system due to at least more than 2 combinations of the variation 
of the oscillation wavelength of the light source, or the temperature humidity change, or the variation of the thickness 
of the transparent substrate of the information recording medium, is corrected. 

[0280] Because the light converging optical system according to the present invention can corrects the variation of 
the spherical aberration, as described in (4-1 3), generated due to the combination of the temperature humidity change 
or the error of the thickness of the transparent substrate of the optical information recording medium, or the fluctuation 
from the reference wavelength of the oscillation wavelength of the light source, the light converging optical system in 
which the light converging characteristic is always fine, can be obtained. 

[0281] (4-16) The light converging optical system described in (4-1 6) is characterized in that: the optical information 
recording medium has the structure in which a plurality of transparent substrates and information recording layers are 
alternately laminated in order from the surface side, and when the objective lens is moved along the optical axis the 
focusing is conducted for recording and/or reproducing the information onto each information recording surface and 
when at least one lens group constituting the coupling lens is moved along the optical axis direction, the variation of 
the spherical aberration generated due to the difference of the thickness of the transparent substrate in each information 
recording layer is corrected. 

[0282] The light converging optical system described in (4-1 6) relates to a light converging optical system for the 
optical pick-up apparatus by which the recording and/or reproducing of the information can be conducted onto the 
optical information recording medium having the structure in which a plurality of transparent substrates and information 
recording layers are alternately laminated in order from the surface side of the optical information recording medium 
According to such the light converging optical system, when the optical element which can be moved, of the coupling 
lens is moved along the optical axis, the spherical aberration due to the difference of the thickness of the transparent 
substrate from the surface to the information recording layer can be corrected, and further, when the objective lens is 
moved to the optical axis direction, because the focusing can be conducted on the desired information recording layer, 
the fine wave front can be formed on each information recording surface. Accordingly, 2 times or more capacity of 
r™, all ° n be recorded and/or reproduced onto the single side surface of the optical information recording medium 
[0283] (4-1 7) The optical pick-up apparatus described in (4-17) comprises: a light source; a light converging optical 
system mclud.ng a coupling lens of 2 group composition which changes the divergent angle of the divergent light 
emitted from the light source, and an objective lens which converges the light flux passed through the coupling lens 
onto the information recording surface through the transparent substrate of the optical information recording medium- 
a detector for detecting the reflected light form the information recording surface; the first drive apparatus to move the 
objective lens in the optical axis direction and the direction perpendicular to the optical axis in order to converge the 
light flux onto the information recording surface; and the second drive apparatus to move at least one optical element 
of the coupling lens in the optical axis direction, and the optical pick-up apparatus conducts the recording and/or re- 
producing of the information onto the information recording surface of the optical information recording medium wherein 
the nng-shaped diffractive structure is formed on at least one optical surface of the optical element constituting the 
light converging optical system, and when the second drive apparatus moves at least one lens group constituting the 
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coupling lens along the optical axis direction, the variation of the spherical aberration generated on each optical surface 
of the light converging optical system is corrected. 

[0284] The optical pick-up apparatus described in (4-1 7) relates to an optical pick-up apparatus to conduct the re- 
cording and/or reproducing onto the next generation optical information recording medium having the higher density 

5 and the larger capacity than the DVD. When, on at least one optical surface of the optical element constituting the light 
converging optical system of such the optical pick-up apparatus, the diffractive structure having the wavelength char- 
acteristic in which the back focus of the objective lens is reduced when the wavelength of the light source is minutely 
changed to the long wavelength side, is provided, the axial chromatic aberration generated in the objective lens which 
is a problem when the short wavelength light source such as the blue violet semiconductor laser is used, is effectively 

10 corrected, and further, when at least one of 2 lens groups constituting the coupling lens can be moved along the optical 
axis direction., the variation of the spherical aberration generated on each optical surface in the light converging optical 
system can be finely corrected. The second drive apparatus moves at least one of 2 lens groups constituting the 
coupling lens along the optical axis, and in this case, the optical element is moved so that the spherical aberration 
generated in the light converging optical system is optimally corrected while monitoring the signal in the sensor detecting 

'5 the light converging condition of the light flux converged onto the information recording surface. As this second drive 
apparatus, a voice coil type actuator or piezoelectric actuator can be used. Further, the optical pick-up apparatus 
described in (4-17) also has the same operation mode and effect as the invention described in (4-1). 
[0285] (4-18) The optical pick-up apparatus described in (4-18) emits the light of the wavelength not larger than 600 
nm, and because the axial chromalic aberration generated by the refractive action of each refractive surface in the 

20 light converging optical system and the axial chromatic aberration generated by the diffractive structure are cancelled, 
it has the same operation mode and effect as the invention described in (4-2). 

[0286] (4-19) In the optical pick-up apparatus described in (4-1 9), because the coupling lens, the optical element on 
which the diffractive structure is provided, and the axial chromatic aberration of the composite system composed of 
the objective lens, satisfy the next expression, it has the same operation mode and effect as the invention described 
25 jn (4-3). 

lAfB • NA 2 I ^ 0.25 |xm (71) 

20 Where, NA: the image side numerical aperture of a predetermined objective lens necessary for conducting the 

recording and/or reproducing on the optical information recording medium, AfB : the change (p.m) of the focus position 
of the composite system when the wavelength of the light source is changed by + 1 nm. 

[0287] (4-20) In the optical pick-up apparatus described in (4-20), because the image side numerical aperture of a 
predetermined objective lens necessary for conducting the recording and/or reproducing on the optical information 
35 recording medium is not smaller than 0.65, and the thickness of the transparent substrate of the optical information 
recording medium is not larger than 0.6 mm, it has the same operation mode and effect as the invention described in 
(4-4). 

[0288] (4-21) In the optical pick-up apparatus described in (4-21 ), because the lens group which can be moved along 
the optical axis in the lens groups constituting the coupling lens, has the positive refracting power, and satisfies the 
next expression, it has the same operation mode and effect as the invention described in (4-5). 

4 ^ f cp /f OB j = 17 (72) 

Where, f CP : the focal distance (mm) of the lens group having the positive refracting power, which can be moved 
along the optical axis, f OBJ : the focal distance (mm) of the objective lens. 

[0289] (4-22) In the optical pick-up apparatus described in (4-22), because the lens group which can be moved along 
the optical axis in the lens groups constituting the coupling lens, has the negative refracting power, and satisfies the 
next expression, it has the same operation mode and effect as the invention described in (4-6). 

-20 m f CN /f OB j ^ "3 (73) 

Where, f CN : the focal distance (mm) of the lens group having the negative refracting power, which can be moved 
along the optical axis, f OBJ : the focal distance (mm) of the objective lens. 

[0290] (4-23) In the optical pick-up apparatus described in (4-23), because the objective lens is the 1 group 1 lens 
composition, and at least one surface is an aspherical surface, it has the same operation mode and effect as the 
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invention described in (4-7). 

[0291] (4-24) In the optical pick-up apparatus described in (4-24), because the objective lens is the 2 group 2 lens 
composition, and at least two surfaces from the first surface to the third surface are aspherical surfaces, it has the 
same operation mode and effect as the invention described in (4-8). 

[0292] (4-25) In the optical pick-up apparatus described in (4-25), because the optical element on which the diffractive 
structure is provided, is formed of the plastic material, it has the same operation mode and effect as the invention 
described in (4-9). 

[0293] (4-26) In the optical pick-up apparatus described in (4-26), because the lens group which can be moved along 
the optical axis direction in the lens groups constituting the coupling lens is formed of the material whose specific gravity 
is not larger than 2.0, it has the same operation mode and effect as the invention described in (4-10). 
[0294] (4-27) Inthe optical pick-up apparatus described in (4-27), because the light amount of the n-th (n is an integer 
other than 0, ± 1) order diffracted light is larger than the light amount of any other order diffracted light and the light 
converging optical system can converge the n-th order diffracted light generated in the diffractive structure onto the 
information recording surface of the optical information recording medium in order to record and/or reproduce the 
information onto the optical information recording medium, it has the same operation mode and effect as the invention 
described in (4-11). 

[0295] (4-28) In the optical pick-up apparatus described in (4-28), because, when at least one lens group constituting 
the coupling lens is moved along the optical axis direction, the variation of the spherical aberration generated on each 
optical surface of the lighl converging optical system due to the variation of the oscillation wavelength of the light source 
is corrected, it has the same operation mode and effect as the invention described in (4-12). 

[0296] (4-29) I n the optical pick-up apparatus described in (4-29) , because the objective lens includes the lens formed 
of at least one piece of the plastic material, and when at least one lens group constituting the coupling lens is moved 
along the optical axis direction, the variation of the spherical aberration generated on each optical surface of the light 
converging optical system due to the change of the temperature and humidity, is corrected, it has the same operation 
mode and effect as the invention described in (4-13). 

[0297] (4-30) In the optical pick-up apparatus described in (4-30), because, when at least one lens group constituting 
the coupling lens is moved along the optical axis direction, the variation of the spherical aberration generated due to 
the variation of the thickness of the transparent substrate of the information recording medium, is corrected, it has the 
same operation mode and effect as the invention described in (4-14). 

[0298] (4-31) In the optical pick-up apparatus described in (4-31), because, when at least one lens group constituting 
the coupling lens is moved along the optical axis direction, the variation of the spherical aberration generated on each 
optical surface of the light converging optical system due to at least more than 2 combinations in the variation of the 
oscillation wavelength of the light source, or temperature humidity change, or the variation of the thickness of the 
transparent substrate of the information recording medium, is corrected, it has the same operation mode and effect as 
the invention described in (4-15). 

[0299] (4-32) In the optical pick-up apparatus described in (4-32), because the optical information recording medium 
has the structure in which a plurality of transparent substrates and information recording layers are alternately laminated 
in order from the surface side, and when the objective lens is moved along the optical axis direction, the focusing is 
conducted for recording and/or reproducing of the information onto each information recording surface, and when at 
least one lens group constituting the coupling lens is moved along the optical axis direction, the variation of the spherical 
aberration generated due to the difference of the thickness of the transparent substrate in each information recording 
layer, is corrected, it has the same operation mode and effect as the invention described in (4-16). 
[0300] (4-33) The reproducing apparatus described in (4-33) is a recording apparatus for a voice and/or image, and/ 
or a reproducing apparatus for a voice and/or image, in which an optical pick-up apparatus described in any one of 
(4-1 7) to (4-32) is mounted. 

[0301] According to the reproducing apparatus described in (4-33), when the optical pick-up apparatus is mounted 
in the recording apparatus • reproducing apparatus for the voice • image, the recording or the reproducing of the voice 
• image can be finely conducted onto the information recording medium of the next generation which is larger in the 
density and larger in the capacity than the DVD. 

[0302] The diffractive structure used in the present specification means a mode (or surface) in which a relief is pro- 
vided on the surface of the optical element, for example, on the surface of the lens, and an action to change an angle 
of the light beams by the diffraction is provided thereon. As the shape of the relief, for example, on the surface of the 
optical element, it is formed as almost the concentric ring-shaped zones around the optical axis, and when its cross 
section is viewed on the plane including the optical axis, it includes each ring-shaped zone which has the shape like 
a saw-tooth. 

[0303] In the present specification, the objective lens indicates, in the narrow meaning, in the situation in which the 
optical information recording medium is loaded in the optical pick-up apparatus, at the position of the most optical 
information recording medium side, a lens having the light converging action arranged opposed to it, and indicates, in 
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the wide meaning, together with the lens, lens groups which can be moved at least in its optical axis direction by the 
actuator. Accordingly, in the present specification, the numerical aperture NA on the optical information recording me- 
dium side of the objective lens indicates the numerical aperture NA of the light flux emitted from the lens surface 
positioned on the most optical information recording medium side of the objective lens onto the optical information 
5 recording medium side. Further, in the present specification, a predetermined numerical aperture necessary when the 
information is recorded or reproduced onto the optical information recording medium indicates the numerical aperture 
regulated by the regulation of respective optical information recording media, orthe numerical aperture of the objective 
lens of the diffraction limit performance by which the spot diameter necessary for recording or reproducing of the 
information can be obtained, corresponding to the wavelength of the using light source. 

w [0304] In the present specification, as the optical information recording medium (optical disk), for example, a disk- 
like present optical information recording medium such as each kind of CDs such as CD-R, CD-RW, CD-Video, 
CD-ROM, each kind of DVD such as DVD-ROM, DVD- RAM , DVD-R, DVD-RW, DVD+RW, DVD-Video, or MD, and the 
next generation recording medium are included. The transparent substrates exist on the information recording surfaces 
of many optical information recording media. However, the medium whose transparent substrate thickness is close to 

15 almost zero, or the medium having no transparent substrate, exists or is proposed. For the convenience of explanation, 
in the present specification, although there is a case where "through the transparent substrate" is described, such the 
transparent substrate also includes a case where the thickness is zero, that is, there is no transparent substrate. 
[0305] In the present specification, the recording and reproducing of the information means to record the information 
onto the informaLion recording surface of the optical information recording medium as described above, and to repro- 

20 duce the information recorded on the information recording surface. The optical pick-up apparatus of the present in- 
vention may be one used for only recording or reproducing, or one used for both of recording and reproducing. Further, 
it may be one used to conduct the recording onto a certain information recording medium, and to conduct the repro- 
ducing on another information recording medium, or may be one used to conduct the recording or reproducing on a 
certain information recording medium, and to conduct the recording or reproducing on another information recording 

25 medium. In this connection, the reproduction used herein, also includes only reading out the information. 

[0306] (5-1) In order to attain the above objects, the coupling lens according to the present invention is a coupling 
lens to change the divergent angle of the divergent light beam emitted from the light source and to make it incident on 
the objective lens, wherein at least one surface of the coupling lens has the diffractive surface having the ring-shaped 
diffractive structure, and the axial chromatic aberration is overly corrected so that the focal distance is increased to the 

30 wavelength shorter by 1 0 nm than the reference wavelength of the light source, and the coupling lens satisfies the 
next expression. 



0.05 ^ NA ^ 0.50 (74) 

35 

Where, NA: the numerical aperture of the coupling lens. 
[0307] In this connection, the numerical aperture NA COL of the coupling lens can be defined as NA COL = sin 9, when 
the maximum inclination angle is 0, and has the following relationship with the image side numerical aperture NA OBJ 
of the objective lens. 

40 

NA COL = NA OBJ x(f1/f2) 



Where, f1 : the focal distance (mm) of the objective lens, f2: the focal distance (mm) of the coupling lens. 

45 [0308] According to this coupling lens, when the coupling lens to change the divergent angle of the divergent light 
from the light source al the lime of the recording and/or reproducing onto the optical information recording medium, 
and to make it incident on the objective lens, is formed to diffractive lens in which the axial chromatic aberration is 
overly corrected by the diffracting action of the ring-shaped diffractive structure provided on at least one surface at the 
wavelength variation of about 1 0 nm, a coupling lens by which the axial chromatic aberration generated on other optical 

so element such as the objective lens, can be cancelled with it, and corrected thereby, can be obtained. Because the 
divergent degree of the emitted light from the light source, which is incident on the coupling lens, is small, generally, 
it is sufficient when the refracting power the coupling lens is smaller than that of the objective lens, and because the 
requirement accuracy at the production is not so severe as the objective lens, and the restriction such as the working 
distance is few, there is a margin in the aberration correction. When the axial chromatic aberration is corrected by the 

55 coupling lens, even the objective lens in which the axial chromatic aberration is not severely corrected, when it is used 
together with this coupling lens, it can be used as the objective lens of the light converging optical system for the high 
density optical information recording reproduction in which the influence onto the image formation performance by the 
wavelength variation appears conspicuously. In this case, it is preferable that the numerical aperture of the coupling 
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lens satisfies the expression (74). In the expression (74), when it is higher than the lower limit, because the focal 

distance does not become too large, the whole length of the composite system when it is combined with the objective 

lens does not become too large, thereby, the compact light converging optical system can be made. 

Further, when it is smaller than the upper limit, because the numerical aperture of the coupling lens does not become 

too larger, the aberration generated in the coupling lens can be suppressed to small. 

[0309] (5-2) It is preferable that, in the coup ling lens described above, the next expression is satisfied. 

0.3<P D /P TOTAL <3.0 (75) 
where PD: a power (mm' 1 ) of only a diffractive structure defined by 

P D = X(-2 • ni • b 2i ) 



when the diffractive surfaces are called the first diffractive surface, the second diffractive surface ... the n-th diffractive 
surface in the order from the light source, and an optical path difference provided to a transmitting wave surface by a 
diffractive structure formed on the i-th surface is expressed by an optical path difference function defined by Ob = ni • 
(b 2i h 2 + b 4j h 4 + b 6j h 6 + ... ) (herein, ni is a diffraction order number of a diffracted light ray having the maximum light 
amount among diffracted light rays generated by the diffractive structure formed at the i-th diffractive surface, h is a 
height (mm) from the optical axis), b 2i , b 4j , b 6l , are respectively coefficients of optical path difference function of 
second order, fourth order, sixth order, ...,), and 

PT: a power (mm- 1 ) of the whole system of the objective lens in which the refractive lens and the diffractive 
25 structure are combined. 

[0310] As described above, when the diffractive structure of the coupling lens is determined so that the power by 
only the diffractive structure satisfies the expression (75), by the axial chromatic aberration generated in the coupling 
lens, the axial chromatic aberration generated on the other optical element such as the objective lens can be finely 
cancelled and corrected. In the case larger than the lower limit of the expression (75), the axial chromatic aberration 
of the wave front when the spot is formed on the information recording surface of the optical information recording 
medium through the coupling lens and the objective lens, does not become too correction under, and in the case lower 
than the upper limit, the axial chromatic aberration of the wave front when the spot is formed on the information recording 
surface of the optical information recording medium through the coupling lens and the objective lens, does not become 
too correction over. 

[031 1] (5-3) Further, it is preferable that, when the reference wavelength is X (mm), the focal distance in the reference 
wavelength is f (mm), the number of order of the diffracted light having the maximum diffracted light amount in the 
diffracted light generated in the diffractive structure formed on the i-th diffractive surface is ni, the number of the ring- 
shaped zones of the diffractive structure in the effective diameter of the i-th diffractive surface is Mi, and the minimum 
value of the ring-shaped zone intervals of the diffractive structure in the effective diameter of the i-th diffractive surface 
40 is Pi(mm), the following expression is satisfied. 

0.1 ^ f • X - Z (ni/(Mi • Pi 2 )) ^ 3.0 (76) 



[0312] When the diffractive structure of the coupling lens is structured so that the conditional expression (76) is 
satisfied, by the axial chromatic aberration generated in the coupling lens, the axial chromatic aberration generated in 
the other optical element such as the objective lens is finely cancelled and corrected. In the case larger than the lower 
limit of the expression (76), the axial chromatic aberration of the wave front when the spot is formed on the information 
recording surface of the optical information recording medium through the coupling lens and the objective lens, does 
not become too correction under, and in the case lower than the upper limit, the axial chromatic aberration of the wave 
front when the spot is formed on the information recording surface of the optical information recording medium through 
the coupling lens and the objective lens, does not become too correction over. 

[0313] (5-4) Further, when Ihe reference wavelength is X (mm), the minule change of the wavelength Trom the ref- 
erence wavelength is AX (mm), the focal distance in the reference wavelength id f (mm), and the change of the focal 
distance when the wavelength of the light source is changed by AX (mm) from the reference wavelength is Af (mm), it 
is preferable that the following expression is satisfied. 
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- 0.12 ^ (Af If) ■ NA • (k/Ak) • k ^ - 0.01 (77) 

[0314] As described above, it is preferable that the change amount of the focal distance of the coupling lens to the 
5 minute wavelength variation of about 10 nm satisfies the expression (77). In the expression (77) : in the case larger 
than the lower limit, the axial chromatic aberration of the wave front when the spot is formed on the information recording 
surface of the optical information recording medium through the coupling lens and the objective lens, does not become 
too correction over, and in the case lower than the upper limit, the axial chromatic aberration of the wave front when 
the spot is formed on the information recording surface of the optical information recording medium through the coupling 
10 lens and the objective lens, does not become too correction under. 

[0315] (5-5) Further, in the case where the more than 2 surfaces of the coupling lens are formed to the diffractive 
surfaces having the ring-shaped diffractive structure, when the diffracting power is shared on more than 2 surfaces, 
because the interval of the ring-shaped diffractive zones can be increased, the coupling lens which can be easily 
produced, and in which the diffraction efficiency is good in spite of that, can be formed. 
'5 [0316] (5-6) Further at least one surface is formed to the aspherical surface, and it is preferable that the next ex- 
pression is satisfied. 

0.10 ^ NA ^ 0.50 (78) 

20 

[031 7] As described above, when the numerical aperture of the coupling lens is not smaller than 0. 1 0, it is preferable 
that at least one surface is the aspherical surface. Thereby, the aberration generated in the coupling lens can be finely 
corrected. 

[0318] When the coupling lens described above is formed of the plastic material, the diffractive structure or the 
25 aspherical surface can be easily added, and the mass production is possible at low cost. 

[0319] (5-7) As the production method, the injection molding method using the metallic die is preferable. When the 
coupling lens is formed of the plastic material, it is preferable that it is formed of the material whose intern altransmissivity 
is not lower than 85 % at the thickness of 3 mm in the using wavelength range : and it is preferable that it is formed of 
the material in which the saturated water absorption is not larger than 0.5 %. In this connection, as the plastic material,. 
30 polyolefin series resin is preferable, and polyolefin series norbornene resin is more preferable. 

[0320] (5-8) Further, the light converging optical system is a light converging optical system for recording and/or 
reproducing of the optical information recording medium, which includes: a light source which emits the light of the 
wavelength not larger than 600 nm; a coupling lens to change the divergent angle of the divergent light emitted from 
the light source; and an objective lens to converge the light flux through the coupling lens onto the information recording 
35 surface of the optical information recording medium, wherein the coupling lens is the coupling lens described above, 
and the axial chromatic aberration generated in the objective lens due to the wavelength change when the light source 
generates the wavelength change not largerthan ±10 nm, and the axial chromatic aberration generated in the diffractive 
structure of the coupling lens are cancelled. 

[0321] By this light converging optical system, when the light source to emit the oscillation wavelength not larger 

40 than 600 nm is used, the recording of the information in higher density than the conventional optical information re- 
cording medium and/or reproducing the information recorded in the higher density can be conducted onto the optical 
information recording medium, however, as described above, the axial chromatic aberration generated in the light 
converging optical system, specially, in the objective lens, is a problem, and when the chromatic aberration with the 
reversal polarity to the axial chromatic aberration generated in the objective lens is generated by the diffractive structure 

45 provided on the coupling lens is generated, the wave front when the spot is formed on the information recording surface 
of the optical information recording medium through the light converging optical system, is in a situation that the axial 
chromatic aberration is cancelled, and as the whole light converging optical system, in the range of the wavelength 
variation of the light source, it can be a system in which axial chromatic aberration is finely corrected. 
[0322] Further, when the objective lens whose numerical aperture is not smaller than 0.7, and which is formed of the 

so optical material whose Abbe's number is not larger than 65 is used for the optical pick-up apparatus which uses the 
short wavelength light source not larger than 600 nm, the axial chromatic aberration is comparatively largely generated 
in the objective lens, and thereby, there is a possibility that the stable recording and/or reproducing of the information 
can not be conducted. However, as described above, because the axial chromatic aberration of the reversal polarity 
to the axial chromatic aberration generated in the objective lens is generated in the coupling lens, even the objective 

55 lens in which the axial chromatic aberration is not severely corrected, when it is used in combination with the coupling 
lens according to the present invention, it can be applied for the optical pick-up apparatus which uses the short wave- 
length light source not largerthan 600 nm. 

[0323] (5-9) Further, the composite system in which the objective lens and the coupling lens are combined, has the 
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axial chromatic aberration characteristic which is changed to the direction to which the back focus is decreased when 
the wavelength of the light source shifts on the long wavelength side, and when the changed amount of the spherical 
aberration of the marginal light ray to the change of the wavelength is ASA. and the changed amount of the axial 
chromatic aberration is ACA, it is preferable that the next expression is satisfied. 



-1 < ACA < ASA < 0 



(79) 



[0324] As described above : when the composite system in which the objective lens and the coupling lens are com- 
bined, has the axial chromatic aberration characteristic which is changed to the direction to which the back focus is 
decreased when the wavelength of the light source shifts on the long wavelength side, and satisfies the expression 
(79), it is preferable that, by the action of the diff ractive structure of the coupling lens, when the axial chromatic aberration 
of the composite system is overly corrected, the spherical aberration curve of the reference wavelength and the spher- 
ical aberration curve on the long . short wavelength side are crossed. Thereby, the movement of the optimum writing 
position when the wavelength of the light source is shifted ; can be suppressed to small, and a composite system in 
which the mode hop phenomenon of the light source or the deterioration of the wave front aberration at the time of the 
high frequency superimposition is small, can be realized. 

[0325] Further, rather than the case where, by the action of the diffraction of the coupling lens, the spherical aberration 
curve on the long . short wavelength side is corrected so thai it is in parallel to the spherical aberration curve of the 
reference wavelength, and the axial chromatic aberration of the composite system is perfectly corrected, as described 
above, the case where the spherical aberration curve on the long • short wavelength side is not corrected and when 
the axial chromatic aberration of the composite system is overly corrected, the spherical aberration curve of the refer- 
ence wavelength and the spherical aberration curve on the long • short wavelength side are crossed, is better because 
it is enough that the power of the diffraction necessary for aberration correction is small, therefore, the interval of the 
ring-shaped diffractive zones can be increased and the number of ring-shaped zones can be reduced, and thereby 
the reduction of the time of the molding die processing and the increase of the diffraction efficiency can be attained' 
Although the laser light source has the individual difference of about ± 1 0 nm in the oscillation wavelength, as described 
above, in the case where the laser light source in which the oscillation wavelength is shifted is used as the light source 
of the composite system in which the spherical aberration is corrected so that the spherical aberration curve of the 
reference wavelength and the spherical aberration curve on the long . short wavelength side are crossed when the 
coupling lens is moved along the optical axis direction and the divergent degree of the light flux incident on the objective 
lens is changed, because the spherical aberration in its wavelength can be corrected, in the optical pick-up apparatus 
in which this composite system is installed, the selection of the laser light source is not necessary. 
[0326] (5-10) Further, when the change of the focal position of the composite system of the coupling lens and the 
objective lens when the wave length of the light source is changed by + 1 0 nm, is AfB (nm), and a predetermined image 
side numencal aperture of the objective lens necessary for recording or reproducing the optical information recording 
medium is the NA OBJ; it is preferable that the axial chromatic aberration of the composite system satisfies the next 
expression. 



lAfB-(NA OBJ ) 2 l ^ 2.5 u.m (80) 



[0327] As described above, it is preferable that the axial chromatic aberration of the light converging optical system 
that is. the axial chromatic aberration of the composite system of the coupling lens and the objective lens satisfies the 
45 expression (80). 

[0328] (5-11) Further, the optical pick-up apparatus according to the present invention has: a light source- a coupling 
lens to change the divergent angle of the divergent light emitted from the light source; and a light converging optical 
system including an objective lens to converge the light flux through the coupling lens onto the information recording 
surface of the optical information recording medium, wherein it is the optical pick-up apparatus which, by detecting the 
reflected light from the information recording surface, conducts the recording and/or reproducing of the information 
onto the optical information recording medium, and the light converging optical system is the above-described liqht 
converging optical system. 

[0329] Tho optical pick-up apparatus relates to an optical pick-up apparatus for conducting the recording and/or 
reproducing onto the next generation optical information recording medium with the larger density and larger capacity 
55 than the DVD. When the light converging optical system in which the axial chromatic aberration as described above 
is finely corrected, is installed, even when the light source by which the oscillation wavelength not larger than 600 nm 
is emitted, is used, the recording or reproducing of the stable information can be conducted. 
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[0330] Further when the optical pick-up apparatus is installed, the recording apparatus • reproducing apparatus of 
the voice • image according to the present invention can finely conduct the recording or reproducing of the voice - 
image onto the next generation optical information recording medium with the high density and the higher capacity 
than the DVD. 

5 [0331] Further in order to solve the problem of the conventional technology in the diffractive optical element used 
for the optical pick-up apparatus, the present inventor proposes the shape in which the single side optical surface of 
a certain optical element is formed as a plane, and the other optical surface is formed as a spherical/or an aspherical 
surface ; and further, a ring-shaped diffractive structure is formed on the optical surface which is a plane. 
[0332] That is, because the diffractive structure is added onto the plane side of the optical element, the electronic 

10 beam drawing method can be comparatively easily used for the formation of the diffractive structure. Further, by the 
molding method using the molding die, when this optical element is produced, because the optical surface of the 
molding die corresponding to the plane side is naturally plan-like, the electronic beam drawing method can be com- 
paratively easily used also for the formation of the diffractive structure of the molding die. 

[0333] (5-12) Further, in the above-described optical element, when the using wavelength is X (mm), and the minimum 
*5 value of the ring-shaped zone interval in the effective diameter of the diffractive structure formed on the plane is P 
(mm), the next expression (81), preferably the next expression (82) is satisfied, and when the diffractive surface in 
which the period of the diffractive structure is small, is provided on the optical surface of the plane, the formation of 
the high accurate ring-shaped zone structure can be conducted by the electronic beam drawing method. 

20 

P/X<30 (81) 



P/X < 20 (82) 

25 

[0334] (5-13) Further, when the other optical surface which is a spherical surface and/or an aspherical surface, is 
formed to the refractive surface, the diffracting action and the refractive action are appropriately combined, and the 
aberration correction can be accurately conducted. 

[0335] (5-14) Further, both surfaces may be formed to the diffractive surfaces when the ring-shaped diffractive struc- 
30 ture is added onto the optical surface which is a spherical surface and/or an aspherical surface, and when both surfaces * 
are diffractive surfaces, because the aberration correction function of the diffractive surface can have a margin, the 
optical element according to the present invention can be used as the high performance aberration correction element. 
[0336] (5-15) further, in the case where the ring-shaped diffractive structure is added onto the optical surface which 
is a spherical surface and/or an aspherical surface, when the diffractive structure is structured so as to satisfy the next 
35 expression (83), the molding die processing by the SPDT (diamond super precision cutting technology) which is a 
production technology of the conventional diffractive structure, can be conducted. 

P/X > 20 (83) 

40 

[0337] Further, the coupling lens can be structured by the above optical elements. 

[0338] (5-16) The coupling lens describe in one of (5-1) to (5-5) is characterized in that a stepped difference in an 
optical axis direction of each ring-shaped diffractive zone is determined such that at least one diffractive surface among 
the diffractive surfaces generates n-th order diffracted ray in such a way the an amount of the n-th order diffracted ray 
45 is more that that of any other order diffracted rays generated by the one diffractive zone, where n is an integer except 
0 and ±1. 

[0339] (5-17) The coupling lens describe in one of (5-1 ) to (5-6) is characterized in that at least one diffractive surface 
including a surface of the light source is made in a diffractive surface having a ring-shaped diffractive structure. 
[0340] When an amount of step in the direction of an optical axis in the ring-shaped zone structure of at least one 

50 diffractive surface among the diffractive surfaces of the coupling lens is determined so that the high-order diffracted 
light at n th order may have the greatest amount of diffracted light under the assumption that n represents integers other 
than 0 and ±1 (hereinafter, the diffracted surface on which the ring-shaped zone structure has been determined as 
stated above is called "high-order diffracted surface"), it is possible to mitigate the minimum value of an interval of ring- 
shaped zones, compared with an occasion of using plus or minus 1 st order diffracted light. It is therefore possible to 

55 lower an influence of a decline of diffraction efficiency caused by errors in a shape of the ring-shaped zone structure. 
In this case, it is either possible to make all diffractive surfaces among those formed on the coupling lens to be high- 
order diffractive surfaces, or possible to make only diffractive surfaces wherein the minimum value of an interval of 
ring-shaped zones in the case of using plus or minus 1 st order diffracted light becomes smaller in particular, to be high- 
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order diffractive surfaces. Or, it is possible to arrange so that a value of the order number for diffraction that makes an 
amount of diffracted light to be greatest may be different for each diffractive surface. 

[0341 ] Incidentally, when amount of step A (mm) of a ring-shaped zone in the direction of an optical axis of a diffractive 
ring-shaped zone is determined so that an amount of n th order diffracted light may be greater than that of diffracted 
light at any other order number under the assumption that n represents an integer, the following expression in terms 
of amount of step A holds when X 0 represents a wavelength (mm) of light emitted from the light source, and N represents 
a refractive index of an objective lens for wavelength A^. 



A = n • X 0 /(N - 1) 

[0342] Further it is preferable, from an angle of vision of the following point, that at least one surface of the coupling 
lens including the surface closest to a light source is made to be a diffractive surface having thereon a diffractive 
structure in a shape of a ring-shaped zone. Namely, in the design of the coupling lens, it is necessary to consider so 
that marginal light incident upon the surface closest to a light source may not be perpendicular to that surface, for 
preventing that light reflected on the surface closest to a light source enters a light-receiving surface of the photo 
detector and thereby the photo detector detects unnecessary signals. However, when the surface closest to a light 
source is made to be a diffractive surface having a diffractive ring-shaped zone structure wherein an amount of step 
in the direction of an optical axis is optimized so that intensity of order diffracted light is greater than that of dirt racled 
light at any other order number for the transmitted light under the assumption that n represents an integer, light reflected 
on the surface closest to a light source is a diffracted light that is diffracted by the diffractive structure, and one having 
the strongest intensity is m th order diffracted light under the assumption that m represents an integer different from n. 
Therefore, an angle of incidence of marginal light incident upon the surface closest to a light source is surely different, 
in terms of an absolute value, from an angle of reflection of marginal light of the m*h order reflected and diffracted light! 
Therefore, the light reflected on the surface closest to a light source does not form a spot on the light-receiving surface 
of the photodetector even when marginal light in incident light is almost in vertical incidence. It is therefore possible to 
select freely an angle of incidence of the marginal light incident upon the surface closest to a light source, resulting in 
a highly efficient coupling lens wherein spherical aberration and coma are corrected more accurately. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0343] 

Fig. 1 is an optical path view relating to Example 1 . 

Fig. 2 is a spherical aberration view and astigmatism view relating to Example 1 . 
Fig. 3 is an optical path view relating to Example 2. 

Fig. 4 is a spherical aberration view and astigmatism view relating to Example 2. 
Fig. 5 is an optical path view relating to Example 3. 

Fig. 6 is a spherical aberration view and astigmatism view relating to Example 3. 
Fig. 7 is an optical path view relating to Example 4. 

Fig. 8 is a spherical aberration view and astigmatism view relating to Example 4. 
Fig. 9 is an optical path view relating to Example 5. 

Fig. 10 is a spherical aberration view and astigmatism view relating to Example 5. 
Fig. 11 is an optical path view relating to Example 6. 

Fig. 12 is a spherical aberration view and astigmatism view relating to Example 6. 
Fig. 13 is an optical path view relating to Example 7. 

Fig. 14 is a spherical aberration view and astigmatism view relating to Example 7. 
Fig. 15 is an optical path view relating to Example 8. 

Fig. 16 is a spherical aberration view and astigmatism view relating to Example 8. 
Fig. 17 is an optical path view relating to Example 9. 

Fig. 18 is a spherical aberration view and astigmatism view relating to Example 9. 
Fig. 19 is an optical path view relating to Example 10. 

Fig. 20 is a spherical aberration view and astigmatism view relating to Example 10. 
Fig. 21 is an optical path view relating to Example 11 . 

Fig. 22 is a spherical aberration view and astigmatism view relating to Example 11 . 

Fig. 23 is an optical path view relating to Example 12. 

Fig. 24 is a spherical aberration view relating to Example 12. 

Fig. 25 is an optical path view relating to Example 13. 
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Fig. 26 is a spherical aberration view relating to Example 13. 

Fig. 27 is an optical path view relating to Example 14. 

Fig. 28 is a spherical aberration view relating to Example 14. 

Fig. 29 is an optical path view relating to Example 15. 
5 Fig. 30 is a spherical aberration view relating to Example 15. 

Fig. 31 is an optical path view relating to Example 16. 

Fig. 32 is a spherical aberration view relating to Example 16. 

Fig. 33 is an optical path view relating to Example 17. 

Fig. 34 is a spherical aberration view relating to Example 17. 
*0 Fig. 35 is an optical path view relating to Example 18. 

Fig. 36 is a spherical aberration view relating to Example 18. 

Fig. 37 is an optical path view relating to Example 1 9. 

Fig. 38 is a spherical aberration view relating to Example 19. 

Fig. 39 is an optical path view relating to Example 20. 
'5 Fig. 40 is a spherical aberration view relating to Example 20. 

Fig. 41 is an optical path view relating to Example 21. 

Fig. 42 is a spherical aberration view relating to Example 21 . 

Fig. 43 is an optical path view relating to Example 22. 

Fig. 44 is a spherical aberration view relaLing Lo Example 22. 
2° Fig. 45 is an optical path view relating to Example 23. 

Fig. 46 is a spherical aberration view relating to Example 23. 

Fig. 47 is a view generally showing the optical pick-up apparatus according to the present embodiment. 
Fig. 48 is a view generally showing another example of the optical pick-up apparatus in Fig. 47. 
Figs. 49(a) to 49(c) arc spherical aberration views of 3 kinds of objective lenses to explain the expression (9). 
25 Fig. 50 is an optical path view relating to Example 24. 

Fig. 51 is a spherical aberration view and astigmatism view relating to Example 24. 
Fig. 52 is an optical path view relating to Example 25. 

Fig. 53 is a spherical aberration view and astigmatism view relating to Example 25. 
Fig. 54 is an optical path view relating to Example 26. 
30 Fig. 55 is a spherical aberration view and astigmatism view relating to Example 26. 

Fig. 56 is an optical path view relating to Example 27. 

Fig. 57 is a spherical aberration view and astigmatism view relating to Example 27. 
Fig. 58 is an optical path view relating to Example 28. 

Fig. 59 is a spherical aberration view and astigmatism view relating to Example 28. 
35 Fig. 60 is an optical path view relating to Example 29. 

Fig. 61 is a spherical aberration view and astigmatism view relating to Example 29. 

Figs. 62(a) to 62(c) are spherical aberration views when the temperature rises from the reference temperature by 
+30 °C, which are used for explaining an objective lens according to the embodiment 2-1 . Fig. 62(a) is a case of 
the temperature aberration correction under at which the value of the expression (32) is 0.05 : Fig. 62(b) is an 

*o objective lens according to the present embodiment when the value of the expression (32) is 0.1 0, and Fig. 62(c) 

is a case of the temperature aberration correction over at which the value of the expression (32) is 0.15. 
Fig. 63(a) is a spherical aberration view of the objective lens (a) of the chromatic aberration over correction type, 
and Fig. 63(b) is a spherical aberration view of the objective lens (b) of the chromatic aberration perfect correction 
type, according to the embodiment 2-2. 

45 Fig. 64 is a view for explaining the theoretical analysis of the reason where the minimum ring band interval of the 

objective lens of the chromatic aberration over correction type is larger than that of the chromatic aberration perfect 
correclion type, and a view showing the coordinate system in which the central position of the exit pupil is the 
origin, in the embodiment 2-2. 

Fig. 65(a) is a view showing a spherical aberration curve before and after the correction in the case where the 
50 chromatic aberration when the wavelength is shifted from the reference wavelength to the short wavelength side 

by the diffraction action, is corrected so that it becomes the chromatic aberration over correction type, and Fig. 65 
(b) is a view showing the spherical aberration curve before and after the correction in the case where the chromatic 
aberration when the wavelength is shifted from the reference wavelength to the short wavelength side, is corrected 
so that it becomes the chromatic aberration perfect correction type, for the explanation of the embodiment 2-2. 
55 Fig. 66 is, for the explanation of the embodiment 2-2, a view showing the optical path difference function in the 

case of the chromatic aberration over correction type, and the optical path difference function in the case of the 
chromatic aberration perfect correction type, in which the horizontal axis is d>(h) (mm), and the vertical axis is h 
(mm). 
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Fig. 67 is a view showing an example of the refractive index distribution variable element as a spherical aberration 

correction means arranged in a light converging optical system according to the embodiment 2-3 

Fig. 68 is a view showing another example of the refractive index distribution variable element as the spherical 

aberration correction means arranged in the light converging optical system according to the embodiment 2-3 

Fig. 69 is a view schematically showing an optical pick-up apparatus according to the embodiment 2-4 

Fig. 70 is a view schematically showing another optical pick-up apparatus according to the embodiment 2-4 

Fig. 71 is an optical path view relating to the embodiment 2-1 . 

Fig. 72 is a spherical aberration view relating to the embodiment 2-1 . 

Fig. 73 is an optical path view relating to the embodiment 2-2. 

Fig. 74 is a spherical aberration view relating to the embodiment 2-2. 

Fig. 75 is an optical path view relating to the embodiment 2-3. 

Fig. 76 is a spherical aberration view relating to the embodiment 2-3. 

Fig. 77 is an optical path view relating to the embodiment 2-4. 

Fig. 78 is a spherical aberration view relating to the embodiment 2-4. 

Fig. 79 is an optical path view relating to the embodiment 2-5. 

Fig. 80 is a spherical aberration view relating to the embodiment 2-5. 

Fig. 81 is an optical path view relating to the embodiment 2-6. 

Fig. 82 is a spherical aberration view relating to the embodiment 2-6. 

Fig. 83 is an optical path view relating to the embodiment 2-7. 

Fig. 84 is a spherical aberration view relating to the embodiment 2-7. 

Fig. 85 is an optical path view relating to the embodiment 2-8. 

Fig. 86 is a spherical aberration view relating to the embodiment 2-8. 

Fig. 87 is an optical path view relating to the embodiment 2-9. 

Fig. 88 is a spherical aberration view relating to the embodiment 2-9. 

Fig. 89 is an optical path view (NA 0.85) relating to the embodiment 3-1 . 

Fig. 90 is an optical path view (NA 0.65) relating to the embodiment 3-1. 

Fig. 91 is a spherical aberration view (NA 0.85) relating to the embodiment 3-1 . 

Fig. 92 is a spherical aberration view (NA 0.65) relating to the embodiment 3-1 . 

Fig. 93 is an optical path view (NA 0.85) relating to the embodiment 3-2. 

Fig. 94 is an optical path view (NA 0.65) relating to the embodiment 3-2. 

Fig. 95 is a spherical aberration view (NA 0.85) relating to the embodiment 3-2. 

Fig. 96 is a spherical aberration view (NA 0.65) relating to the embodiment 3-2. 

Fig. 97 is an optical path view (NA 0.85) relating to the embodiment 3-3. 

Fig. 98 is an optical path view (NA 0.65) relating to the embodiment 3-3. 

Fig. 99 is a spherical aberration view (NA 0.85) relating to the embodiment 3-3. 

Fig. 100 is a spherical aberration view (NA 0.65) relating to the embodiment 3-3. 

Fig. 101 is an optical path view (NA 0.85) relating to the embodiment 3-4. 

Fig. 102 is an optical path view (NA 0.65) relating to the embodiment 3-4. 

Fig. 103 is a spherical aberration view (NA 0.85) relating to the embodiment 3-4. 

Fig. 104 is a spherical aberration view (NA 0.65) relating to the embodiment 3-4. 

Fig. 105 is an optical path view (NA 0.85) relating to the embodiment 3-5. 

Fig. 106 is an optical path view (NA 0.65) relating to the embodiment 3-5. 

Fig. 107 is a spherical aberration view (NA 0.85) relating to the embodiment 3-5. 

Fig. 108 is a spherical aberration view (NA 0.65) relating to the embodiment 3-5. 

Fig. 109 is an optical path view (NA 0.85) relating to the embodiment 3-6. 

Fig. 110 is an optical path view (NA 0.65) relating to the embodiment 3-6. 

Fig. 111 is a spherical aberration view (NA 0.85) relating to the embodiment 3-6. 

Fig. 112 is a spherical aberration view (NA 0.65) relating to the embodiment 3-6. 

Fig. 113 is an optical path view (NA 0.85) relating to the embodiment 3-7. 

Fig. 1 1 4 is an optical path view (NA 0.65) relating to the embodiment 3-7. 

Fig. 115 is a spherical aberration view (NA 0.85) relating to the embodiment 3-7. 

Fig. 116 is a spherical aberration view (NA 0.65) relating to the embodiment 3-7. 

Fig. 117 is an optical path view (NA 0.85) relating to the embodiment 3-8. 

Fig. 118 is an optical path view (NA 0.65) relating to the embodiment 3-8. 

Fig. 119 is a spherical aberration view (NA 0.85) relating to the embodiment 3-8. 

Fig. 120 is a spherical aberration view (NA 0.65) relating to the embodiment 3-8. 

Fig. 121 is an optical path view (NA 0.85) relating to the embodiment 3-9. 

Fig. 122 is an optical path view (NA 0.65) relating to the embodiment 3-9. 
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Fig. 123 is a spherical aberration view (NA 0.85) relating to the embodiment 3-9. 
Fig. 124 is a spherical aberration view (NA 0.65) relating to the embodiment 3-9. 
Fig. 125 is an optical path view (NA 0.85) relating to the embodiment 3-10. 
Fig. 125 is an optical path view (NA 0.65) relating to the embodiment 3-10. 
5 Fig. 127 is an optical path view (NA 0.85) relating to the embodiment 3-10. 

Fig. 128 is an optical path view (NA 0.65) relating to the embodiment 3-10. 

Fig. 129 is a view schematically showing the optical pick-up apparatus according to the present embodiment. 

Fig. 130 is a view schematically showing the optical pick-up apparatus according to another present embodiment. 

Fig. 131 is a schematic structural view showing the optical pick-up apparatus according to the embodiment 4-1 . 
10 Fig. 132 is a schematic sectional view of the light converging optical system of the example 4-1. 

Fig. 133 is a spherical aberration view of the light converging optical system of the example 4-1 . 

Fig. 134 is a schematic sectional view of the light converging optical system of the example 4-2. 

Fig. 135 is a spherical aberration view of the light converging optical system of the example 4-2. 

Fig. 136 is a schematic structural view of the optical pick-up apparatus according to the embodiment 4-2. 
'5 Fig. 137 is a schematic sectional view of the light converging optical system of the example 4-3. 

Fig. 138 is a spherical aberration view of the light converging optical system of the example 4-3. 

Fig. 139 is a schematic sectional view of the light converging optical system of the example 4-4. 

Fig. 140 is a spherical aberration view of the light converging optical system of the example 4-4. 

Fig. 141 is a schematic sectional view of the light converging opLical system of the example 4-5. 
20 Fig. 142 is a spherical aberration view of the light converging optical system of the example 4-5. 

Fig. 143 is a schematic sectional view of the light converging optical system of the example 4-6. 

Fig. 144 is a spherical aberration view of the light converging optical system of the example 4-7. 

Fig. 145 is a schematic structural view of the optical pick-up apparatus according to the embodiment 4-3. 

Fig. 146 is a schematic structural view of the optical pick-up apparatus according to the embodiment 4-4. 
25 Fig. 147 is a schematic view of the optical pick-up apparatus according to the embodiment 5-1 . 

Fig. 148 is a schematic view of the optical pick-up apparatus according to the embodiment 5-2. 

Fig. 149 is an optical path view of the light converging optical system in the example 5-1 . 

Fig. 150 is a spherical aberration view of the example 5-1 . 

Fig. 151 is an optical path view of the light converging optical system in the example 5-2. 
30 Fig. 152 is a spherical aberration view of the example 5-2. 

Fig. 153 is an optical path view of the light converging optical system in the example 5-3. 
Fig. 154 is a spherical aberration view of the example 5-3. 

Fig. 155 is an optical path view of the light converging optica! system in the example 5-4. 

Fig. 156 is a spherical aberration view of the example 5-4. 
35 Fig. 157(a) is a sectional view of the optical element according to the embodiment 5-2 of the present invention, 

and Fig. 157(b) is a front view viewed from the direction A, and an enlarged view (c) of S2 surface. 

Fig. 158 is a view for explaining the effect of the optical element of Fig. 151 , and a view showing the relationship 

between the period (P/X) of the blaze structure and the theoretical value of the first order diffraction efficiency, in 

the cutting processing, when the bites in which the radius (Rb) of the tip portion is respectively 1 .0 urn, 0.7 ^im, 
40 and 0.5 (im, are used, and the blaze structure is formed on the substrate of the plate. 

Fig. 159 is an optical path view of the light converging optical system in the example 5-5. 

Fig. 160 is a spherical aberration view of the example 5-5. 

Fig. 161 is an optical path view of the light converging optical system in the example 5-6. 
Fig. 162 is a spherical aberration view of the example 5-6. 
4 5 Fig. 163 is an optical path view of the light converging optical system in the example 5-7. 

Fig. 164 is a spherical aberration view of the example 5-7. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

so [0344] A lens of an embodiment and an example according to the present invention will be described below. The 
aspherical surface of the lens of the present embodiment is expressed by the following expression 1 when the optical 
axis direction is X axis, and the height in the direction perpendicular to the optical axis is h, and the radius of curvature 
of the refractive surface is r. Where, K is a conical coefficient, and A2i is an aspherical surface coefficient. 
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[Expression 1] 



10 



15 



20 



25 



30 



35 



<=2 



\ + yj\-{\ + K)h 2 ir 2 

n°rp«L ? rth r the t dif | ract ' ve surface in the 'ens of the present embodiment can be expressed by the following ex- 
press.on 2 as the optical path difference function Ob. Herein, b 2j is a coefficient of the optical path LerenceTunctfon 

2 r ^ EXamP ' eS d6SCribed here i^fter, if the diffraction ordered number is not specified, the diffraction ordered 

[Expression 2] 

O b = n£ b 2 jh 23 

Example 
(Example 1 - 5) 

[0347] Lens data relating to Examples 1 , 2, 3, 4, and 5 are respectively shown in Tables 1 2 3 4 and 5 In «„ u nn* 
i aToTJTh 2 aS t Ph ? rjCa I P,aStiC ,enSGS C ° mbined ' md *e "object lens of NA oi 0 85 fs obtafned For ^ch of 

and the astigmat.sm view are respectively shown in Fig. 2, Fig 4 Fiq 6 Fia 8 and Fin m Pbcti^ot , , 
olefin series resin, and its specific gravity is about 1 .0. and the" saturated '^r ."^^0 01^ 

Tense 8 ; anT^' " iTl!?™ ^ ^ ° f ^ We,flht ° f the ° bjeCtive lens which is ^"po ed by Xb infng 2 g ass 
lenses, and afthough the NA » 0.85, which is large, its weight can be about 0.02 g (not including theZs Sne^ 
shown ,n each table, other values relating to the above conditional expression are as shown in Table 36 
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[Table 1] 



Example 1 

NAqbj 0.85, foBj = 1.765, X= 405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 


Nx 


vd 


0 


Diaphragm 




0 . 000 






1 (aspheric 
1) 


Obj ective 
lens 


1 . 870 


1 . 700 


1 . 52491 


56 .5 


2 (aspheric 
2) 


21 . 104 


0 . 600 






3 (aspheric 
3) 


0 . 916 


1 . 100 


1.52491 


56 . 5 


4 


oo 


0 . 150 






5 


Transparent 
substrate 


CO 


0 . 100 


1 .61950 


30 . 0 


6 


oo 









Aspherical surface c 

Aspherical surface 1 
K=-0 . 110336 
A 4 =-0 . 606085xl0~ 2 
A 6 =-0 . 126275X10" 2 
A 8 =-0 . 542297xl0" 3 
Aio=-0 . 100527xl0" 3 
A 12 =-0 . 310215X10' 5 
A 14 = 0 . 139738xl0' 7 
A 16 =-0 . 824879X 10" 5 



f f icient 

Aspherical surface 2 
K=105 . 469400 
A 4 = 0 . 729587X10" 2 
A 6 =-0 . 128975xl0~ 2 
A 8 = 0 .480216xl0" 3 
A lo =-0 . 210959xl0" 2 
A 12 = 0 . 607924xl0" 3 



Aspherical surface 3 
K=-0 . 193622 
A 4 =0 . 188729X10' 1 
A 6 =-0 . 173007X10" 1 
A 8 =0 . 114561x10° 
A 10 =-0 . 142900x10° 



19971 7A2_I_> 



61 



EP 1 199 717 A2 



[Table 2] 



10 



15 



20 



25 



30 



Example 2 
NAqbj 0.85, 
Surface No. 



1 (aspheric 
1) 



foBj = 1.765, JU 4 05 



nm 



Remarks 



Diaphragm 



2 (aspheric 
2) 



Obj ective 
lens 



r (mm) 



Transparent 
substrate 



1 . 726 



d (mm) 



0 . 000 



24.183 



0. 903 



3 . 044 



1 . 797 



0 . 450 



1 . 016 



0 . 150 



0 . 100 



1. 52491 



1 . 52491 



1. 61950 



Aspherical surface coefficient 



Aspherical surface 1 
K=-0. 161673 



A 4 =- 


-0 . 


788688X10" 2 


A 6 =- 


•0 . 


190065X10" 2 


A 8 =- 


•0 . 


461976x10° 


A 10 = 


-0 


. 191069x10° 


A 12 = 


-0 


.457597X10" 4 


A 14 = 


0 . 


180742X10" 4 


A 16 = 


-0 


• 124644X 10" 4 



Aspherical surface 2 

K=303 . 022867 

A4 = 0 . 646329x10° 

A 6 =-0 . 128072x10° 

A 8 = -0 .266976X10" 2 

A 10 = 0. 109133x10° 



vd 



56 .5 



56 .5 



30.0 



35 



40 



45 



50 



55 
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[Table 3] 



Example 3 

NAqbj 0.85, foBj = 1.765, X= 405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 




0 . 000 






1 (aspheric 1 ) 


Ob j ect ive 
lens 


1. 609 


1 . 737 


1 . 52491 


56 . 5 


2 (aspheric 
2 ) 


20.403 


0 .309 






3 (aspheric 
3) 


0. 950 


1 . 040 


1 . 52491 


56 . 5 


4 


1 . 670 


0 . 150 






5 


Transparent 
substrate 


oo 


0 . 100 


1 .61950 


30 . 0 


6 


CO 









Aspherical surface coefficient 



-2 



Aspherical surface 
K=-0 . 176315 
A 4 =-0 . 982791x10"" 
A 6 =-0 . 239662x10 
A 8 =-0 . 738613xl0' 3 
A 10 =-0 . 326873xl0~ 3 
Ai 2 =-0 . 551180xl0~ 4 
A 14 =0 . 501483X10" 4 
A 16 =-0 . 317230X 10~ 4 



Aspherical surface 2 
K=238 . 838905 
A4 = 0 . 227228X10" 2 
A 6 =-0 . 901448X10' 3 
A e =-0 . 865489X10" 3 
A 10 =-0 . 131119xl0~ 2 



Aspherical surface 3 

K=0 . 066760 
A 4 =-0 . 746263xl0~ 2 
A 6 =-0 . 674263X10" 2 
A 8 =-0 . 725839xl0~ 2 
A 10 =0 .483039X10" 1 
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15 



20 



[Table 4] 
Example 4 
NAqbj 0.85, 



foBJ = 1 . 765 , X= 405 



nm 



Surface No. 

0 


Remarks 
Diaphragm 


r (mm) 


d (mm) 




Vd 


1 (aspheric 
1) 


Objective 
lens 


1.692 


0 . 000 
2 . 663 


1 - 52491 


56.5 


2 (aspheric 
2) 




3 . 683 


0 . 100 






3 (aspheric 
3) 




0 . 707 


0 . 844 


1 . 52491 


56.5 


4 




CO 


0 . 150 






5 


Transparent 


oo 


0 . 100 


1 . 61950 


30. 0 


6 


substrate 


oo 









25 



30 



35 



40 



Aspherical surface coefficient 



Aspherical surface 1 
K=-0 . 207684 
A 4 =-0 .343685xl0" 2 
A 5 =-0 . 170996xl0~ 2 
A a = -0 . 437574X10' 5 
A 10 =0 . 511484X10* 4 
A 12 =0 . 878473X10" 7 
Ai4=-0 . 300568X10" 5 
A i6 =-0 . 117105X 10 -4 

Aspherical surface 3 
K=-0 . 340640 
A 4 =-0 .297686X10' 1 
A 6 =0. 1379836x10° 
A 8 =0 . 622567x10° 
Ai 0 =-0 . 131808xl0 +:L 



Aspherical surface 
K=14 . 660631 
A 4 = -0 . 539072X10" 1 
A 6 =0 . 954683X10" 1 
A 8 =-0 - 508916X10" 1 
Ai 0 =-0 . 113718x10° 



45 



50 
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[Table 5] 

5 Example 5 

NAqbj 0.85, fosj = 1 • 765, X= 4 05 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 . 000 






1 (aspheric 1) 


Obj ective 
lens 


2 . 344 


3 . 201 


1 . 52491 


56.5 


2 (aspheric 
2) 


-5.218 


0 . 100 






3 (aspheric 
3) 


0 . 911 


1 . 028 


1 . 52491 


56 . 5 


4 


CO 


0 . 150 






5 


Transparent 
substrate 


oo 


0 . 100 


1 . 61950 


30.0 


6 


oo 









20 

Aspherical surface coefficient 



25 



30 



Aspherical surface 1 
K=-0 . 091659 



-2 
-2 



A 4 =-0 . 663594x10 
A 6 =-0 . 117822x10 
A 8 =-0 . 265531xl0" 3 
Aio=0 . 108093x10" " 



-4 



A 12 =0 . 170171x10 
A 14 =-0 . 496141x10" 
A 16 = 0 .113761X 10" 



Aspherical surface 2 

K=-28 .340577 

A 4 = 0 . 263271X10" 1 

A 6 =-0 .472160X10" 1 

A 8 = 0 . 109902X10' 1 

Ai 0 = 0 . 518183xl0" 2 



35 

Aspherical surface 3 
K=0 . 052454 
A4 = 0 . 304019X10" 1 
A 6 =-0 . 105823x10^ 
40 A 8 =-0 . 249552X10" 1 

Aio=-0 . 244590x10° 



Examples] 

45 

(Examples 6-11) 

[0348] Lens data relating to Examples 6, 7, 8, 9, 10 and 11 , are respectively shown in Tables 6, 7, 8, 9, 10 and 11 . 
When 1 surface or 2 surfaces including the first surface are formed to the diffractive surface having the ring-shaped 

so step, the chromatic aberration of the objective lens can be finely corrected. Relating to each example, the optical path 
views are shown in Fig. 11, Fig. 13, Fig. 15, Fig. 17, Fig. 19 and Fig. 21, and the spherical aberration view and the 
astigmatism view are respectively shown in Fig. 12, Fig. 14, Fig. 16, Fig. 18, Fig. 20, and Fig. 22. The objective lenses 
of Examples 6-11 are formed of plastic material, and the material is polyolefin resin, and its specific gravity is about 
1 .0, and the saturated water absorption is not larger than 0.01 %. Other values relating to the conditional expression 

55 are as described in Table 36. In this connection, in Table of each example, the diffractive surface is expressed by giving 
the coefficient of the optical path difference function expressed by the expression 2 in which the step difference is 
neglected, and the shape of the actual diffractive surface is produced so that the optical path difference by the step 
difference between each of ring-shaped zones becomes m times of the wavelength, (m is positive integer) 
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[Table 6] 
Example 6 



NAobj 0.85, f 0 


3 j = 1 . 765, X= 4 05 nm 


Surface No. 

0 


Remarks 
Diaphragm 


r (mm) 


d (mm) 




vd 


1 (aspheric 1 , 
diffraction 
surface 1) 


Obj ective 
lens 


2 . 001 


0 . 000 

1 . 683 


1.52491 


56 . 5 


2 (aspheric 

2) 


24 . 912 


0 . 575 






3 (aspheric 

3) 

4 


0 . 982 
-5. 337 


1 . 088 


1 .52491 


56.5 


5 


Transparent 
substrate 


oo 


0 . 150 
0 . 100 


1. 61950 


30. 0 


6 


oo 









K=-0 . 10247 



Aspherical surface coefficient 
Aspherical surface 1 Aspherical surface 

K=-354 . 211152 
A 4 = 0 . 287649xl0" 2 
A € =0.713128xl0" 3 
A 8 =0 . 232361X10" 2 
A lo =-0 .271592xl0" 2 
A 12 =0 . 122473X10" 2 



A 4 =« 


■5 . 


554€xl0~ 3 


A 6 =- 


1 . 


5637xl0~ 3 


A 8 =- 


•4 . 


5979XI0" 4 


A 10 = 


-9 


. 0730xl0~ 5 


A 12 = 


-4 


. 8123X10" 6 


Al 4 = 


9 . 


7834xl0" 6 


A 1€ = 


-3 


.0273x 10" 5 



Aspherical surface 
K=-0 . 312587 
A 4 =0 .215505x1 (T 1 
A 6 =-0. 340499X10" 1 
A 8 =0 . 120851x10° 
Ai O =-0 . 107335x10° 



Diffraction surface coefficient 

Diffraction surface 1 
b 2 =-l . 5428xl0" 2 
b 4 = -l . 6716xl0' 4 
b 6 =-4 . 3482X10" 4 
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[Table 7] 



Example 7 

NAqbj 0.85, foBj = 1.765, X= 405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 .000 






1 (acpheric 1 , 
diffraction 
surface 1) 


Obj ective 
lens 


1. 944 


1 . 700 


1 . 52491 


56 . 5 


2 (aspheric 
2) 


32 . 238 


0 .600 






3 (aspheric 
3) 


0 . 959 


1 . 100 


1 . 52491 


56 . 5 


4 


-6 . 676 


0 . 150 






5 


Transparent 
substrate 


oo 


0 . 100 


1.61950 


30 . 0 


6 


oo 









Aspherical surface coefficient 

Aspherical surface 1 Aspherical surface 2 Aspherical surface 

K=-0. 110336 K= -347. 282906 K= -0.290745 

A4 = -0 . 6 3 824x1 0" 2 A 4 = 0 . 3 118 0 8x10 " 2 A 4 = 0 . 2 0 672 6x10 -1 

A s =-1 . 0 172x1 0" 3 A 6 =0 . 84 22 8x1 0" 3 A 6 =-0 . 2 2 74 6 8x1 0' 1 

A 8 =-3 . 84 5 9xl0" 4 A 8 =0 . 27 94 0 lxl 0" 2 A 8 =0 . 11244 7x10° 

A 10 =-8 . 71 5 8x1 0' 5 A 10 =- 0 . 2 61774x1 0" 2 A 10 =-0 . 97 0951x1 0" 1 

A 12 = 2 . 9718xl0" 6 A 12 =0 . 101541xlCT 2 
A 14 = 8 . 3886xl0" 5 
Ai 6 =-4.1865x 10" 6 



Diffraction surface coefficient 

Diffraction surface 1 
b 2 =-6 . 3411X10' 3 
b 4 =-9 . 0875X10" 5 
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[Table 8] 



Example 8 

NAqbj 0.85, foBj = 1.76 5, X= 4 05 nra 



Surface No . 


Remarks 


v ( mm \ 

-L \ L I LI Li / 


d v mm / 




vd 


0 


Diaphragm 




0. 000 






1 (aspheric 1, 
diffraction 
surface 1) 


Obj ect ive 
lens 


1 . 959 


1. 673 


1 . 52491 


56 . 5 


2 (aspheric 
2, 

diffraction 
surface 2) 


20 . 120 


0. 586 






3 (asDheric 
3) 


1 . 000 


1. 085 


1 . 52491 


56 . 5 


4 


-6.478 


0. 150 






5 


Transparen 
t 

substrate 




0. 100 


1 . 61950 


30.0 


6 


oo 









25 



40 



Aspherical surface coefficient 



Aspherical surface 1 Aspherical surface 2 Aspherical surface 

K=-0 .309757 

30 A4=-o.o/byxiU ' A 4 = 3 . 5358x10 " A* = 0 . 14133 1x10 " a 

A 6 = -1.283 8x1 0~ 3 A 6 = 5 . 3 8 92x1 0" 4 A 6 = - 0 . 24 59 71x1 0' 1 

kio=-8 . 5426x10-" Ai 0 =-2 . 5233xl0 -3 A 10 =- 0 . 102902x10° 

35 Ai 4 = 



0 . 12837 


K=-3 47 . 28 


-6 . 8769xl0~ 3 


A 4 = 3 . 5358xl0~ 3 


-1 .2838X10' 3 


A 6 = 5 . 3892X10" 4 


-3 .9729xl0~ 4 


A e = 2 . 2870xl0" 3 


= -8 . 5426xl0" 5 


A 10 =-2 . 5233x10* 


= -4 .2277xl0" 6 


A 12 =7 . 7429xl0~ 4 


= 3 . 0743xl0' 6 




= -4.1621x 10" 6 





Diffraction surface coefficient 

Diffraction surface 1 Diffraction surface 2 

b 2 =-1.0117xl0- 2 b 2 =-1.1317xl0- 2 
b 4 =-1.2794xl0" 4 b 4 =-1.54 84xl0" 3 



50 



55 
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[Table 9] 



10 



15 



20 



Example 9 
NAqbj 0.85, 



-OBJ 



= 1.765, X= 405 nm 



Surface No . 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 . 000 






1 (aspheric 1 , 
diffraction 
surface 1) 


Obj ective 
lens 


1. 658 


1 . 741 


1 . 52491 


56 .5 


2 (aspheric 
2) 


23 . 001 


0 .295 






3 (aspheric 
3) 


1. 038 


1 . 001 


1.52491 


56 . 5 


4 


2. 848 


0 . 150 






5 j 


Transparent 
substrate 


CO 


0 . 100 


1 .61950 


30.0 


6 


oo 









25 



30 



Aspherical surface coefficient 

Aspherical surface 1 Aspherical surface 2 Aspherical surface 3 



-2 
-3 



K=-0 .18259 
A4=-l. 1684x10 
A 6 =-2 . 4896x10 
A 8 =-5 . 2974xl0" 4 
A 10 =-2 . 9709x10"' 
A 12 =-7 .7145x10" 
A 14 = 4 . 4544X10" 5 
A 16 =-2 . 1248x10" 



-2 



K=292 . 538934 
A 4 =0 .209616x10 
A 6 =-0 . 193960X10" 2 
A 8 =-0 . 400256X10" 3 
A 10 =-0 . 881532x10"" 



K=0 . 145033 
A 4 =-0.185433xl0" 1 
A € =-0 .214689X10" 1 
A 8 =0 . 524988xl0" 2 
A 10 = 0 .534332X10" 1 



35 



Diffraction surface coefficient 



40 



Diffraction surface 1 



b 2 =- 
b 4 =- 



1.4938x10" 
2 .4619x10" 



45 



50 



55 
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[Table 10] 



10 



Example 10 
NAobj 0.85, 



- OBJ 



= 1.765, ?l= 405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 .000 






1 (aspheric 1 , 
diffraction 
surface 1) 


Obj ective 
lens 


1 .692 


2 .526 


1. 52491 


56 . 5 


2 (aspheric 2) 


3 .304 


0 .100 






3 (aspheric 3) 


0 . 727 


0 .790 


1 . 52491 


56 . 5 


4 


CO 


0 .150 






5 


Transparent 
substrate 


CO 


0 .100 


1 . 61950 


30.0 


6 


oo 









20 



25 



30 



Aspherical surface coefficient 

Aspherical surface Aspherical surface Aspherical surface 



K=-0 . 22560 



A 4 =- 


6 . 


1791xl0~ 3 


A 6 =- 


1 . 


0042xl0" 3 


A 8 =- 


6 . 


4740xlO~ 4 


A 10 = 


-1 


. 1578xl0" 4 


A 12 = 


2 . 


7678X10" 5 


Al4 = 


1 . 


7069X10' 5 


A 16 = 


-1 


. 6811xl0" 5 



K=10 .549426 
A4=-0 . 131211x10° 
A 6 =0 . 984014X10" 1 
A 8 =-0.497711xl0" 1 
A 10 =-0 . 731102X10" 2 



3 

K=-0 . 378420 
A 4 =-0 . 841437xlO" 2 
A 6 =-0 . 152828x10° 
A 8 =0. 75172x10° 
A 10 =-0 . 119708x10^ 



35 



Diffraction surface coefficient 



40 



Diffraction surface 1 
b 2 =-l .3812xl0" 2 
b 4 =-2 .0039xl0" 3 



45 [Table 11] 



Example 1 1 


NA OBJ 0.85, 


f OB J= 1-765, 


X= 405 nm 


Surface No. 


Remarks 


r(mm) 


d(mm) 




vd 


0 


Diaphragm 




0.000 






1 (aspheric 1 , diffraction surface 1 ) 


Objective lens 


2.469 


3.149 


1.52491 


56.5 


2 (aspheric 2) 


-5.129 


0.100 






3 (aspheric 3) 


0.917 


0.994 


1.52491 


56.5 


4 


CO 


0.150 







^SDOCID: <EP 1199717A2_I_> 



70 



EP 1 199 717 A2 



[Tabic 11] (continued) 



5 



Example 1 1 


NA OBJ 0.85, 


f OBJ = 1 .765, 


X= 405 nm 


Surface No. 


Remarks 


r(mm) 


d(mm) 




vd 


5 


Transparent substrate 


CO 


0.100 


1.61950 


30.0 


6 


CO 









15 



20 



25 



Aspherical surface coefficient 


Aspherical surface 1 


Aspherical surface 2 


Aspherical surface 3 


k=-0. 17510 


k=-6.663812 


K=0.023136 


A 4 =-8. 1876X10" 3 


A 4 =0.1 86959x1 0" 1 


A 4 =0. 998925x1 0- 2 


Ag=-1 .0237x10- 3 


A 6 =-0.41 5246x1 0"1 


A 6 — 0.344025x1 0- 1 


A 8 =-5. 1004x10- 4 


A 8 =0.161642x10- 1 


A 8 =0.333581x10- 1 


A 10 =4.5566x10- 7 


A 10 =-0. 363829x1 0"3 


A 10 = -0.280500x10° 


A 12 =7.3953x10- 5 






A 14 =-5. 7905x1 0" 5 






A 16 =8.9902x10" 6 







Diffraction surface coefficient 
Diffraction surface 1 
30 b 2 =-1 .0363x10-2 

b 4 =-1.44 90x10- 3 

(Example 12) 

35 [0349] In Example 12 showing the lens data in Table 12, the objective lens is the structure in which 2 aspherical 
plastic lenses are combined, and the spherical aberration correction means is a beam expander which is composed 
of a negative lens using the glass whose refractive index is high and whose dispersion is large, and the positive lens 
using the glass whose dispersion is low, and by making the lens interval between these 2 lenses variable, the variation 
of the spherical aberration can be corrected. The optical path view relating to the present example 12 is shown in Fig. 

40 23, and the spherical aberration view is shown in Fig. 24. Further, by selecting the material as above, the focal point 
change by the mode hop of 1 nm in the whole light converging optical system is 0.12 urn, and even when the NA is 
0.85, it is sufficiently in the depth of focus. Further, in the present example 12, a result in which the variation of the 
spherical aberration generated in the optical system due to the various causes, is corrected by moving the movable 
lens of the beam expander along the optical axis, is shown in Table 24 which will be shown later. As can be seen from 

45 the Table, in the optical system of the present example, the spherical aberration generated due to the wavelength 
variation of the laser light source, temperature change, and the error of the transparent substrate thickness, can be 
finely corrected. 
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[Table 12] 



Example 12 
NAqbjO. 85, 



foBj =1.765, 



Surface No, 



Diaphragm 



5 (Aspheric 
1) 



6 (Aspheric 
2) 



7 (Aspheric 
3) 



Light source 



Spherical 
aberration 
correction 
means 



»SA«1.4 94 g 



r (mm) 



Obj ective 
lens 



10 



Transparent 
substrate 



15.147 



7 .730 



8 .485 



-6 . 858 



X =405 



nm 



d (mm) 



1 . 000 



1 . 80689 



d2 

(variable) 



1.200 



1 . 52972 



3 . 000 



1 . 870 



21 . 104 



0 . 916 



0 . 000 



1 . 700 



1 . 52491 



0 .600 



1 . 100 



1 . 52491 



1 . 150 



0 . 100 



Vd 



27 . 5 



1 . 61950 



64 . 1 



56 . 5 



56 . 9 



30 . 0 



Aspherical surface coefficient 



Aspherical surface 
1 

K=-0 . 110336 
A4 = -0 . 606085X10" 2 
A 6 =-0.128275xl0' 2 
A 8 =-0 . 542297xl0~ 3 
Ai 0 =-0 . 100527xl0~ 3 
Ai 2 = -0.310215xl0~ 5 
A 14 = 0.139738xl0" 7 
A 16 =-0 . 824879xl0" 5 



Aspherical surface 
2 

K=105 .489400 
A4 = 0 . 729587xl0" 2 
A 6 =-0 . 189725X10" 2 
A 8 =0 . 480218X10" 3 
A 10 =-0 . 210959xl0* 2 
A 12 = 0.607924xl0" 3 



Aspherical surface 
3 

K>-0 . 193622 
A4 = 0 . 188729X10" 1 
A 6 =-0 . 173007x1 CT 1 
A 8 =0. 114561x10° 
Aio=-0 . 42900x10° 



(Example 13) 

[0350] In Example 13 showing the lens data in Table 13, the objective lens is the structure in which 2 aspherical 
plastic lenses are combined, and the spherical aberration correction means is a beam expander which is composed 
of a negative lens having the bi-aspherical surfaces and the positive lens on both surfaces of which the ring-shaped 
d.ffract.ve surface is provided. The optical path view relating to the present example 13 is shown in Fig 25 and the 
spherical aberration v.ew is shown in Fig. 26. Both of two lenses are formed of plastic material of polyolefin series and 
Abbe's number is about 56 and a general material, but, by providing the diffractive structure, the chromatic aberration 
can be very finely corrected. Further, in the present example 13, the result in which the variation of the spherical 
aberration generated in the optical system due to various causes, is corrected by moving the movable lens of the beam 
expander along the optical axis, is shown in Table 25. 
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[Table 13] 



10 



15 



20 



25 



30 



35 



40 



Example 13 
NAobjO .85, 



^OBJ 



=1 . 765, 



-03J + SJV 



=1.455, 



X =405 



nm 



Surface No. 


Remarks 


r (mm) 


d(mm) 




Vd 


0 


Light 
source 




oo 






KAspheric 1) 


Spherical 

aJJciidL lOIl 

correction 
means 


-50 . 032 


0.800 


1.52491 


56.5 


<s v-Hspneric z / 


A Q "7 a 


Cud ivanaDie) 






3 (diffraction 
surface 1) 


10 . 657 


1.200 


1.52491 


56.5 


4 (diffraction 
surface 2) 


-41 . 661 


3 .000 






Diaphragm 






0.000 






5 (Aspheric 3 ) 


Objective 
lens 


1 . 870 


1.700 


1.52491 


56.5 


6 (Aspheric 4) 


21 . 104 


0.600 






7 (Aspheric 5) 


0 . 916 


1.100 


1.52491 


56.5 


8 


oo 


1.150 






9 


Transparent 
substrate 


oo 


0.100 


1.61950 


30.0 


10 


oo 









Aspherical surface coefficient 

Aspherical surface 1 
K=-762 . 332639 
A 4 = 0 . 104035X10" 2 
A 6 = 0 . 368940xl0' 3 
A 8 = 0 . 126187xl0" 3 
A xo =-0 . 290226xl0~ 3 



Aspherical surface 
K=l .490706 
A 4 = 0 .287567xl0~ 3 
A 6 =0 .230977xl0~ 3 
A 8 = -0 . 147743xl0~ 4 
A 10 =-0 . 232832X10*" 3 



-2 



Aspherical surface 3 Aspherical surface 4 Aspherical surface 5 
K=-0 . 110336 
A4=-0. 606085xl0* 2 
A 6 =-0. 128275X10" 2 
A 8 = -0 . 542297xl0~ 3 

Aio = - 0 . 1 0 0 5 2 7x1 0 ' 3 A - - - n ° " n ° c ° ~ n n ~ 2 

Ai2=-0 . 310215X10" 5 
A 14 = 0 . 139738X10" 7 
A 16 =-0 . 824879X10" 5 



K=105 . 469 
A 4 = 0 . 729587x10 
A 6 =-0 . 189725x10" 
A 3 =0 .480216X10" 3 
Ai 0 =-0 .210959x10 
Ai2=0 . 607924xl0" : 



K=-0 . 193622 
A 4 = 0 . 188729X10" 1 
A 6 =-0 . 173007xl0" 3 
A 8 =0 . 114561x10° 
A 10 =-0 . 142900X10 C 



Diffraction surface coefficient 

Diffraction surface 1 Diffraction surface 2 

b 2 =-9 . 6 124x1 0" 3 b 2 =-9 . 2 2 02X10 3 

b 4 = -6 . 0 03 6x10 ~ 4 b 4 =l . 52 8 9x1 0" 4 
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(Example 14) 



[0351] In Example 14 showing the lens data in Table 14 : the objective lens is the structure in which 2 aspherical 
plastic lenses are combined, and the spherical aberration correction means is formed to a beam expander which is 
composed of a negative lens having the bi-aspherical surfaces and a positive lens of both surfaces of which arespherical 
surface, and in which the positive lens is formed of the plastic material of polyolefin series, and the negative lens is 
formed of the plastic whose refractive index is high, and whose dispersion is large, and the chromatic aberration of the 
composite system is corrected. The optical path view relating to the present example 14 is shown in Fig. 27, and the 
spherical aberration view is shown in Fig. 28. Further, in the present example 14, the result in which the variation of 
the spherical aberration generated in the optical system due to various causes, is corrected by moving the movable 
lens of the beam expander along the optical axis, is shown in Table 26. 
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[Table 14] 
Example 14 

NAobjO . 85 , 



-OBJ 



= 1.765, foBj +S A=1.54 7, 



X =4 05 nm 



Surface No. ! Remarks 


r (nun) 


#"3 i mm \ 

a vniu; 




vd 


0 | Light 
i source 




CO 






KAspheric 1) 


Spherical 
aberration 
correction 
means 


-23 . 299 


1.000 


1.66845 


24.3 


2 (Aspheric 2 ) 


5 . 211 


d2 (variable) 






3 


5 . 564 


1.200 


1.52491 


56.5 


4 


-10 . 751 


3.000 






Diaphragm 






0. 000 






5 (Aspheric 3) 


Objective 
lens 


1 . 870 


1.700 


1.52491 


56.5 


6 (Aspheric 4) 


21 . 104 


0.600 






7 (Aspheric 5) 


0 . 916 


1.100 


1.52491 


56.5 


8 


oo 


0.150 






9 


Transparent 
substrate 


CO 


0.100 


1.61950 


30.0 


10 


oo 









10 



15 



20 



25 



30 



35 



Aspherical surface coefficient 

Aspherical surface 
K=-59 . 802056 
A4=0 .492931x10" 
A 6 =0 . 170031x10' 
A 8 =0 . 531438x10" 
A 10 =-0 . 736216x10" 



k -3 

-3 
i"4 



Aspherical surface 
K=l. 007642 
A4=0 . 107648x10 



-3 
-3 



A 6 =0 . 132326x10 
A 8 --0 . 151895x10 
A 10 =-0 .481466x10" 



-5 



40 



Aspherical surface 

K= -0.110336 
A4 = -0 . 606085xl0" 2 
A 6 =- 0 . 128275x10' 
A 8 =-0 . 542297x10' 
Aio=-0 . 100527x10" 
A 12 =-0 . 310215x10' 
A 14 =0 . 139738x10" 
A 16 =-0 . 824879x10" 



-2 
i-3 
! -3 
-5 
, -7 
»-5 



Aspherical surface 4 
K=105 .469400 
A4 = 0 .729587X10" 2 
A 6 =-0 . 189725xl0~ 2 
A 8 = 0 .480216xl0" 3 
A 10 =-0 . 210959X10" 2 
A 12 =0 . 607924X10' 3 



Aspherical surface 5 

K=- 0 . 193622 

A 4 = 0 . 188729x1 0" 1 

A 6 =-0 . 173007X10" 1 

A 8 = 0 . 114561x1 0° 

A i0 =-0 . 142900X10° 



50 [0352] In Example 15 showing the lens data in Table 15, the objective lens is the structure in which 2 aspherical 
plastic lenses are combined, and as the spherical aberration correction means, the coupling lens which has the structure 
of 2 elements in 1 group is selected, and in this coupling lens, as the negative lens, the material whose dispersion is 
large is used, and the chromatic aberration of the objective lens can be corrected. The optical path view relating to the 
present example 15 is shown in Fig. 29, and the spherical aberration view is shown in Fig. 30. Further, in the present 

55 example 1 5, the result in which the variation of the spherical aberration generated in the optical system due to various 
causes, is corrected by moving the coupling lens along the optical axis, is shown in Table 27. 
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[Table 15] 
Example 15 

5 



NAqbjO : 85 , foBj =1.765, f q S j+sa=8 ■ 244 , X =405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




VKJL 


0 


Light 
source 




do (variable) 






1 


Spherical 
aberation 
correction 
means 


14 . 551 


1.000 


1.91409 


23.8 


2 


2.387 


2.100 


1.71548 


53.2 


3 (Aspheric 1) 




-5.102 


d3 (variable) 








Diaphragm 




0 .000 






4(Aspheric 3) 


Objective 
lens 


1.870 


1.700 


1.52491 


56.5 


5 (Aspheric 4 ) 


21.104 


0.600 






6 (Aspheric 5) 


0.916 


1.100 


1.52491 


56.5 


7 


oo 


1.150 






8 


Transparent 
substrate 


oo 


0.100 


1.61950 


30.0 


9 


oo 









25 



Aspherical surface coefficient 

30 Aspherical surface 1 

K=0 .299104 

A 4 =-0 . 116889xl0~ 2 

A 6 =-0 . 226521xl0" 3 
35 A 8 =-0 . 151997X10" 4 

A 10 =-0 . 999215X10" 5 



Aspherical surface 3 
K=105 .469400 
A 4 =0 . 729587xl0" 2 
A 6 =-0 . 189725xl0" 2 
45 A 8 =0 . 480216xl0~ 3 

Ai 0 =-0 . 210959xl0" 2 
A 12 = 0 . 607924X10" 3 



Aspherical surface 2 
K=- 0 . 110336 
A 4 =-0 . 606085X10" 2 
A 6 =-0 . 128275xl0" 2 
A 8 =-0 .542297xl0" 3 
A 10 =-0 . 100527X10"' 3 
A 14 = 0 . 139738X10" 7 
Aie=-0 . 824879X10" 5 

Aspherical surface 4 
K=-0 . 193622 
A 4 = 0 . 188729X10" 1 
A 6 =-0 . 173007xl0 _1 
A e =0 . 114561x10° 
A 10 =-0 . 142900x10° 



so (Example 16) 

[0353] In the Example 16 showing the lens data in Table 16, the coupling lens is a plastic lens whose surface the 
light source side is the diffractive surface macroscopically regarded as the plane, and whose surface of far side from 
the light source is an aspherical surface. Because the coupling lens of the present example is simple and low cost, 
55 and very light, the burden onto the actuator to drive the coupling lens in order to correct the spherical aberration is 
small, and further, because the inertia is small, the high speed drive becomes possible. Further, the chromatic aberration 
in the composite system including the chromatic aberration of the objective lens can be finely corrected by the diffractive 
surface. The optical path view relating to the present Example 16 is shown in Fig. 31 , and the spherical aberration 
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view is shown in Fig. 32. Further in the present Example 16 ; the result in which the variation of the spherical aberration 
generated in the optical system due to various causes, is corrected by moving the coupling lens along the optical axis, 
is shown in Table 28. 



[Table 16] 
Example 16 

NAqbjO .85, fo5J =1.765, f qbj ± sa=3 . 1 5 9 , X =405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




dO 

(variable) 






1 (Diffraction 
surface 1) 


Spherical 
aberation 
correction 
means 


oo 


1.200 


1.52491 


56.5 


2 (Aspheric 1) 


-11.252 


d2 

(variable) 








Diaphragm 




0.000 






3 (Aspheric 2) 


Obj ective 
lens 


1.870 


1.700 


1.52491 


56.5 


4 (Aspheric 3 ) 


21.104 


0.600 






5 (Aspheric 4 ) 


0.916 


1.100 


1.52491 


56.5 


6 


OO 1 


1.150 






7 


Transparent 
substrate 


oo 


0.100 


1.61950 


30.0 


8 


oo 









30 



35 



40 



45 



50 



55 
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10 



15 



20 



25 



Aspherical surface coefficient 

Aspherical surface 1 
K=-l . 326573 
A 4 =0 . 149622xl0~ 3 
A 6 =-0 . 115965X1CT 4 
A 8 = 0 . 386094xl0~ 5 



A 10 =-0 . 399163x10" 



Aspherical surface 3 
K=105 . 469400 
A 4 =0 . 729587xl0" 2 
A 6 =-0 . 189725X10" 2 
A 8 =0 . 480216x10° 
A 10 =- 0 . 210959xl0~ 2 
A 12 = 0 . 607924x10° 



Aspherical surface 2 
K=-0. 110336 



-2 
-2 



A 4 = -0 . 606085x10 
A 6 =- 0 . 128275x10 
A 8 =-0 . 542297x10" 
A 10 =-0 . 100527x10 
A 12 =-0 . 310215x10* 
A 14 =0 . 139738x10° 
Ai 6 --0 . 824879x10 



-3 



-5 



Aspherical surface 4 
K=-0 . 193622 
A 4 = 0 . 188729x10° 
A 6 =-0 . 173007x10° 
A 8 = 0.114561x10° 
A 10 =-0 . 142900x10° 



Diffraction surface coefficient 



30 



Diffraction surface 1 
b 2 =-1.9039x10° 
b 4 =-5.4751x10° 



(Example 17) 

35 

[0354] In the Example 17 showing the lens data in Table 17, the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and a diffractive surface is provided on one surface, and the chromatic aberration is 
corrected. The spherical aberration correction means is a beam expander composed of the aspherical positive lens 
and the negative lens, and both the positive lens and the negative lens are made of same plastic material, and in the 

40 spherical aberration correction means, the chromatic aberration is under correction, but, the chromatic aberration of 
the composite system is finely corrected by the action of the diffractive surface of the objective lens. The optical path 
view relating to the present Example 17 is shown in Fig. 33, and the spherical aberration view is shown in Fig. 34. 
Further in the present Example 17, the result in which the variation of the spherical aberration generated in the optical 
system due to various causes, is corrected by moving the movable lens of the beam expander along the optical axis, 

45 is shown in Table 29. 
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[Table 17] 
Example 17 
NAqbjO.85, 



-Q3J 



= 1.765, f 0 Bj + sA=l . 583 , X =405 nm 



Surface No. 


Remarks 


r (mm) 


d(mm) 




Vd 




Light source 




oo 






1 (Aspheric 
1 ) 


Spherical 
aberration 
correction 
means 


-19.492 


0.800 


1.52491 


56.5 


2 (Aspheric 
2) 


J_o . DUD 


02, (vanaDie; 






3 


17 . 164 


1.200 


1.52491 


56.5 


4 


-26 .623 


3 . 000 








Diaphragm 




0.000 






5 (Aspheric 
3, 

Diffraction 
surface 1) 


Obj ective 
lens 


2.001 


1.683 


1.52491 


56.5 


6 (Aspheric 
4) 


24.912 


0.575 






7 (Aspheric 
5) 


0.982 


1.088 


1.52491 


56.5 


8 


-5.337 


0.150 






9 


Transparent 
substrate 


oo 


0.100 


1.61950 


30.0 


10 


oo 









10 



15 



25 



30 



35 



40 



Aspherical surface coefficient 

Aspherical surface 1 
K=-6 . 217954 
A 4 -0 . 248545xl0" 3 
A 6 =0 . 101205X10" 3 
A 8 = 0 . 200087xl0' 4 
A 10 =-0 . 172459X10" 4 



Aspherical surface 2 
K=10 . 650678 
A4 = 0 . 165177xl0" 3 
A € = 0 . 836692xl0~ 4 
A 8 = 0 .221189X10" 4 
A 10 =-0 . 164006X10" 4 



Aspherical surface Aspherical surface Aspherical surface 



45 



50 



K=-0 . 10247 
A 4 =-5 . 5E46X10" 3 
A 6 =-l . 5637X10" 3 
A e =-4 . 5919xl0~ 4 
A 10 =-9 . 0730X10" 5 
Ai2=-4 . 8123xl0" 6 
A 14 = 9.78340xl0" 6 
A I6 =-3 . 0273xl0" 4 



K=-354 . 21152 
A4= G .28764 9x1 0 2 
A 6 = 0 . 713128xl0" 3 
A 8 = 0 . 232361xl0~ 2 
A 10 =-0 . 271692x10 
A 12 = 0 . 122473xl0' : 



-2 



K=-0 .312587 
A 4 = 0 . 215505xlO _:i 
A 6 =-0. 340499xlO* ] 
A 8 = 0.120851x10° 
A 10 =-0 . 107335x1 0 C 
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Diffraction surface coefficient 

Diffraction surface 1 
b 2 =-1 . 5428X10" 2 
b 4 =-1 . 6716X10" 4 
b 6 =-4 . 3482X10" 4 



10 (Example 18) 

[0355] In the Example 18 showing the lens data in Table 18, the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and a diffractive surface is provided on one surface, and the chromatic aberration is 
corrected. The spherical aberration correction means is a beam expander structured by the negative lens whose both 

15 surfaces are aspherical surfaces and the positive lens whose both surfaces are spherical surfaces, and in which the 
positive lens is formed of the plastic material of the polyolefin series. The optical path view relating to the present 
Example 1 8 is shown in Fig. 35, and the spherical aberration view is shown in Fig. 36. Because the chromatic aberration 
correction is burdened on the beam expander, the diffractive power of the diffractive surface of the objective lens can 
be reduced, therefore, the minimum pitch of ring-shaped zone can be increased, and il can be easily produced, and 

20 the diffraction efficiency is hardly lowered. Further in the present Example 18, the result in which the variation of the 
spherical aberration generated in the optical system due to various causes, is corrected by moving the movable lens 
of the beam expander along the optical axis, is shown in Table 30. 

25 [Table 18] 

Example 18 



NAqejO-85, f 0B j =1.765, f qbj+sa= 1 . 54 2 , X =405 nm 



Surface No. 


Remarks 


r (mm) 


d(mm) 




vd 




Light 
source 




CO 






1 (Aspheric 1) 


Spherical 
aberration 
correction 
means 


-23 .128 


0.800 


1.66845 


24.3 


2 (Aspheric 2 ) 


18.832 


d2 (variable) 






3 


25.516 


1.200 


1.52491 


56.5 


4 


-14.288 


3.000 








Diaphragm 




0.000 






5 (Aspheric 3 , 
Diffraction 
surface 1) 


Ob j ective 
lens 


1.944 


1.700 


1.52491 


56.5 


6 (Aspheric 4) 


32.238 


0.600 






7 (Aspheric 5) 


0.959 


1.100 


1.52491 


56.5 


8 


-6.676 


0.150 






9 


Transparent 
substrate 


CO 


0.100 


1.61950 


30.0 


10 


CO 
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Aspherical surface coefficient 



10 



Aspherical surface 

K=15 . 803380 

A 4 = 0 . 792641X10' 5 

A 6 =0 . 207367xl0~ 4 

A 8 = -0 . 304918xl0" 4 

A ic =-0.202154xl0" 4 



Aspherical surface 

K=-3 . 81090 

A 4 = -0.607994xl0" 4 

A 6 =-0. 168746xl0" 4 

A 8 =-0.430104xlO~ 5 

A lo =-0.222084xlO' 4 



15 



20 



Aspherical surface 3 Aspherical surface 4 Aspherical surface 5 



-3 
-3 



K=~0 . 10169 
A 4 =-6 . 3824x10 
A 6 =-l . 0712x10 
A 8 =-3 . 8459x10" 
Ai 0 =-8 . 7158x10 
Ais-= 2.9718x10" 
A i4 = 8.3886x10" 
Ai 6 =-4 . 1865X10" 



-5 



K=-347 . 282906 
A 4 = 0.311088x10' 
A 6 = 0.842221x10* 
A 8 = 0.279401x10" 
A 10 =-0 .261774x10 
A 12 = 0.101541x10 



-2 

-2 



K=-0 . 290745 
A4= 0.206726x10" 
A 6 =-2 . 27468X10' 1 
A 8 = 0.112447x10° 
A lc =-0 . 970951x10 



-l 



Diffraction surface coefficient 

25 

Diffraction surface 1 
b 2 =-6 .3411xl0" 3 
b 4 =-9 . 0875X10" 5 

30 

(Example 19) 



[0356] In the Example 19 showing the lens data in Table 19, the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and a diffractive surface is provided on one surface, and the chromatic aberration is 
corrected. The spherical aberration correction means is a beam expander structured by the negative plastic lens whose 
both surfaces are aspherical surfaces and the positive plastic lens whose both surfaces are spherical surfaces and 
the diffractive surfaces are provided on both surfaces thereof. The optical path view relating to the present Example 
19 is shown in Fig. 37, and the spherical aberration view is shown in Fig. 38. Because, in the present example, 2 
diffractive surfaces are provided on the objective lens and the beam expander and the chromatic aberration is corrected, 
the refracting power of the each diffractive surface can be reduced, therefore, the minimum ring-shaped zone pitch 
can be increased, and it can be easily produced, and the diffraction efficiency is hardly lowered. Further, in the present 
Example 1 9, the result in which the variation of the spherical aberration generated in the optical system due to various 
causes, is corrected by moving the movable lens of the beam expander along the optical axis, is shown in Table 31 . 
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[Table 19J 
Example 19 



10 



15 



20 



25 



30 



35 



40 



Surf ace No . 


Remarks 


r (mm) 


d (mm) 




vd 




Light 
source 










-L v-Hspneric _l / 


Spherical 
aberration 
correction 
means 


-20 .202 


0.800 


1.52491 


56.5 


2 (Aspheric 2) 


15.224 


d2 {variable*) 






3 (Diffraction 
surface 1) 


13.592 


1.200 


1.52491 


56.5 


4 (diffraction 
surface 2) 


-419.053 


3.000 








Diaphragm 




0.000 






5 (Aspheric 3 , 
Diffraction 
surface 3) 


Objective 
lens 


1. 944 


1.700 


1.52491 


56.5 


6 (Aspheric 4) 


32.238 


0.600 






7 (Aspheric 5) 


0. 959 


1.100 


1.52491 


56.5 


8 


-6.676 


0.150 






9 


Transparent 
substrate 


CO 


0.100 


1.61950 


30.0 


10 


CO 









Aspherical surface coefficient 

Aspherical surface 1 
K=-45 . 250451 
A 4 = 0 . 921085X10" 3 
A 6 = 0.65964X10" 3 



A 8 = -0 . 118168xl0~ 3 
A 10 =-0 . 654080X10" 5 

Aspherical surface 
K= -0.10167 
A 4 = -6 .3824X10" 3 
A 6 =-l . 0712xl0" 3 
A 8 =-3 . 8459xl0" 4 
Aio=-8 . 7158X10" 5 
A 12 = 2.9713X10" 6 
A n4 = 8.3835X10" 6 
Ai6=-4 . 1855X10" 6 



Aspherical surface 
K=42 . 724519 
A 4 = 0 . 733944X10" 3 
A 6 = 0 .436368xl0" 3 
A s =-0 . 120250X10" 3 
A 10 =-0. 105031xl0~ 4 



3 Aspherical surface 4 Aspherical surface 5 



K= - 347. 282906 
A 4 = 0.311088xl0~ 2 
A 6 = 0 . 842228x10"" 3 
A 8 = 0 . 279401X10" 2 
Ai O =-0 . 261774X10' 2 
A 12 = 0 . 101541X10" 2 



K=-0 .290745 

A 4 = 0. 206726X10" 1 

A 6 =-2.27468xl0 _1 

A 8 = 0.112447x10° 

Ai O =-0 . 970951>:10~ 1 



50 



Diffraction surface coefficient 



55 



Diffraction 
surface 1 
b 2 =-3 . 7752xl0" 3 
b 4 =-3 . 0596X10" 4 



Diffraction 
surface 2 
b 2 =-3 . 8256xl0~ 3 
b 4 = 6.0638xl0~ 5 



Diffraction 
surface 3 
b 2 = -6 . 3411xl0~ 3 



?2 

b 4 =-9 



0875x10 



-5 



82 
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(Example 20) 



w 



[0357] In the Example 20 showing the lens data in Table 20 ; the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and a diffractive surface is provided on one surface, and the chromatic aberration is 
corrected. The spherical aberration correction means is a coupling lens formed of the bi-aspherical plastic lens. By the 
diffractive surface provided on the objective lens, the chromatic aberration of the composite system is finely corrected. 
The optical path view relating to the present Example 20 is shown in Fig. 39, and the spherical aberration view is shown 
in Fig. 40. In the same manner, the coupling lens is low cost and light weight. Further, in the present Example 20, the 
result in which the variation of the spherical aberration generated in the optical system due to various causes, is cor- 
rected by moving the coupling lens along the optical axis, is shown in Table 32. 
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[Table 20] 
Example 2 0 
NAobjO.85, 



= 1.765, foBj +3A =3. 922, 



X =4 0 5 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 


Nx 


vd 




Light source 




do (variable) 






KAspheric 1) 


Spherical 
aberration 
correction 
means 


218.395 


1.200 


1.52491 


56.5 


2 (Aspheric 2 ) 


-4.798 


62 (variable) 








Diaphragm 




0.000 






3 (Aspheric 3 , 
Diffraction 
surface 1) 


Objective 
lens 


2.001 


1.683 


1.52491 


56.5 


4 (Aspheric 4 ) 


24.912 


0.575 






5 (Aspheric 5) 


0.982 


1.088 


1,52491 


56.5 


6 


-5.337 


0.150 






7 


Transparent 
substrate 


CO 


0.100 


1.61950 


30.0 


8 


oo 









Aspherical surface coefficient 



40 



45 



50 



55 



Aspherical surface 
K=-4336 . 984251 
A 4 =-0.249284xlO" 3 
A 6 =-0.768502xlO" 4 
A 8 =-0 .471233xl0~ 4 
A 10 =-0.386475xlO" 4 

Aspherical surface 
K=-0 . 10247 
A 4 =-5. 5646x10" 



-3 
>-3 



A 8 =-4 . 5919x10"* 
A 10 =-9. 0730xl0" 5 
A 12 =-4 . 8123X10" 6 
A 14 = 9.7834xl0" 6 
A 16 «-3 . 0273X10" 6 



1 Aspherical surface 2 

K=-0 .267984 
A 4 = 0 . 137299xl0" 3 
A 6 =-0.186502xl0~ 4 
A £ =-0 . 293545xl0~ 4 
A 10 =-0 . 215252X10" 4 

3 Aspherical surface 4 Aspherical surface 5 



-2 



K=-354 . 211152 
A 4 = 0.287649x10 
A 6 = 0 . 713128xl0" 3 
A 8 = 0 . 232361X10" 2 
A 10 =-0 . 271692x10 
Ai 2 = 0.122473x10 



K=-0 . 312587 



-2 

-2 



A 4 = 
A 6 =- 
A 8 = 



215505x10 
340499x10 
120851x10 



A i0 =-0 . 107335>cl0 



-i 

-i 
o 

o 
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Diffraction surface coefficient 

Diffraction surface 1 
b 2 =-l . 5428xl0" 2 
b 4 =-l . 6716X10" 4 
b 6 =-4 . 3482X10' 4 

10 (Example 21) 

[0358] In the Example 21 showing the lens data in Table 21 , the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and a diffractive surface is provided on one surface, and the chromatic aberration is 
corrected. The spherical aberration correction means is a plastic coupling lens whose surface on the light source side 

'5 is a diffractive surface regarded as macroscopically the plane and whose surface on the side far from the light source 
is an aspherical surface. The optical path view relating to the present Example 21 is shown in Fig. 41 . and the spherical 
aberration view is shown in Fig. 42. Because the diffractive surfaces are provided at two portions of the objective lens 
and the coupling lens, and the chromatic aberration is corrected, the diffractive power of each diffractive surface can 
be reduced, and the minimum pilch of ring-shaped zone can be increased, and the it is easily produced, and the 

20 diffraction efficiency is hardly lowered. Further, in the present Example 21, the result in which the variation of the 
spherical aberration generated in the optical system due to various causes, is corrected by moving the coupling lens 
along the optical axis, is shown in Table 33. 



25 [Table 21] 

Example 21 



NAqbjO . 85, f OB j =1.765, f q B j+sa=4 . 6 8 5 , X =405 niti 



Surface No. 


Remarks 


r (mm) 


d(Tnm) 




vd 




Light 
source 




dO (variable) 






1 (Diffraction 
surface 1) 


Spherical 
aberration 
correction 
means 


oo 


1.000 


1.52491 


56.5 


2 (Aspheric 1) 


-5.832 


62 (variable) 








Diaphragm 




0.000 






3 (Aspheric 2 , 
Diffraction 
surface 2) 


Obj ective 
lens 


1.944 


1.700 


1.52491 


i—- 

56.5 


4 (Aspheric 3 ) 


32.238 


0.600 






5 (Aspheric 4) 


0.959 


1.100 


1.52491 


56.5 


6 


-6 .676 


0 .150 






7 


Transparent 
substrate 


oo 


0.100 


1.61950 


30.0 


8 


oo 









55 
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10 



Aspherical surface coefficient 

Aspherical surface 1 
K=0 . 878937 



A 4 =-0 . 781949x10' 



A 6 =- 
A 8 = 



206309x10' 
857589x10 



-5 



Aio=-0. 203961x10* 



Aspherical surface 2 
K=-0 . 10169 
A 4 = -6 . 3824X10" 3 



Ae=-0 
A 8 = -3 



Aio=- 
A 12 = 



10712x10 
8459x10"' 
.7158x10 
. 9718X10* 



-3 



-5 



Ai4= 8.3886x10" 
A 16 = 4.1865x10 



-6 



15 



20 



Aspherical surface 3 
K=-347 . 283 
A A = 0.311083x10" 
A 6 = 0.842228x10" 
A 8 = 0.279401x10" 
A 10 =-0 . 261774x10 
A 12 = 0.101541x10" 



-2 
-2 



Aspherical surface 

K=-0 .290745 

Aa= 0 . 206726X10" 1 

A 6 =-0.227468xl0" 1 

A 8 = 0.112447x10° 

A 10 =-0 . 970951X10" 1 



25 Diffraction surface coefficient 

Diffraction surface 1 Diffraction surface 2 

b 2 =-l .4762X10" 2 b 2 =-6 . 3411X10" 3 

30 b 4 = 1.2805X10" 3 b 4 = - 9 . 08 75x10 " 5 

(Example 22) 

[0359] In the Example 22 showing the lens data in Table 22, the objective lens is a structure in which 2 aspherical 

35 plastic lenses are combined, and as the spherical aberration correction means, it is formed to a beam expander struc- 
tured by the negative plastic lens whose both surfaces are aspherical surface and the positive plastic lens whose both, 
surfaces are spherical surfaces, and on both surfaces of which the diffractive surfaces are provided. The optical path 
view relating to the present Example 22 is shown in Fig. 43, and the spherical aberration view is shown in Fig. 44. 
Because 2 diffractive surfaces are provided on the beam expander and the chromatic aberration is corrected, the 

40 diffractive power of the each diffractive surface can be reduced, therefore, the minimum pitch of ring-shaped zone can 
be increased, and it can be easily produced, and the diffraction efficiency is hardly lowered. Further, in the present 
Example 22, the result in which the variation of the spherical aberration generated in the optical system due to various 
causes, is corrected by moving the movable lens of the beam expander along the optical axis, is shown in Table 34. 
Further, in the optical system of the present example, the recording and/or reproducing is possible onto the optical 

45 information recording medium having 2 recording layers on one side. The transparent substrate thickness of the first 
recording layer is 0.1 mm, and the transparent substrate thickness of the second recording layer is 0.2 mm. As shown 
in Table 34, the spherical aberration generated due to the difference of this transparent substrate thickness is corrected 
by moving the movable lens of the beam expander along the optical axis. When the displacement amount of the 
movable lens is increased, the recording and/or reproducing onto the optical information recording medium having the 

50 recording layers of more than 3 layers, is possible. 
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[Table 22] 
Example 22 

NAqbjO .85, 



-OBJ 



= 1.765, f 0 sj + 3A=l . 233 , X =405 nm 



Surface No. 


Remarks 


r (mm) 


d(mm) 




vd 




Light source 




CO 






1 (Aspheric 1) 


Spherical 
aberration 
correction 
means 


-46.369 


0.800 


1.52431 


56.5 


2 (Aspheric 2 ) 


4.974 


d2 (variable) 






3 

(Diffraction 
surface 1) 


-319.213 


1.200 


1.52491 


56.5 


4 

(Diffraction 
surface 2) 


-11.782 


3.000 








Diaphragm 




0.000 






5 (Aspheric 3 } 


Obj ective 
lens 


1.870 


1.700 


1.52491 


56.5 


6 (Aspheric 4 ) 


21.104 


0.600 






7 (Aspheric 5) 


0.916 


1.100 


1.52491 


56.5 


8 


CO 


0.150 






9 


Transparent 
substrate 


CO 


d9 (variable) 


1.61950 


30.0 


10 


CO 









10 



15 



20 



25 



30 



35 



Aspherical surface coefficient 

Aspherical surface 1 
K=-42 3 . 235373 
A 4 = 0 . 439197xl0~ 3 
A 6 =-0 . 311637xl0~ 3 



Aspherical surface 2 
K=l . 165359 
A 4 = -0. 110225xl0 -3 



-6 



A 8 =-0 .297922x10" 
A 10 =-0 . 245602x10 



-5 



A 6 =-0. 997977x10 
A 8 =-0 . 453330x10"' 
A 10 =-0 . 958223x10" 



40 



Aspherical surface 3 Aspherical surface 4 Aspherical surface 5 



K=- 0 . 110338 
A 4 =-0. 606085x10" 
A 6 =-0 . 128275x10" 
A 8 =-0 . 542297x10 



-3 



0 . 100527xl0" 3 
■0.310215xl0* 5 
0 . 139738x10 



Ai 0 = 
A 12 = 

Ai4 = 

A 16 =-0 . 824879x10" 



-7 



K=105 . 469400 
A 4 = 0.729587x10 
A 6 =-0 . 189725x10 
A 8 = 0.480216x10 
A 10 =-0. 210959x10 
A 12 = 0.607924x10 



-2 



-2 
-3 



-2 

-3 



K=-0 . 193622 
A 4 = 0 . 188729X10" 1 
A 6 =-0 . 173007XTO' 1 
A 8 = 0.114561x10° 
Aio=-0 . 142900x10° 



50 



Diffraction surface coefficient 

Diffraction surface 1 Diffraction surface 2 

b 2 =-l . 0252X10" 2 b 2 = -9 . 8124xl0~ 3 

b 4 = -4 . 5888X10" 4 b 4 = 2.4328xl0" 5 
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(Example 23) 

[0360] In the Example 23 showing the lens data in Table 23, the objective lens is a structure in which 2 aspherical 
plastic lenses are combined, and the diffractive surface is provided on one surface, and the chromatic aberration is 

5 corrected. The spherical aberration correction means is a coupling lens formed of the plastic lens whose both surfaces 
are aspherical surface. The optical path view relating to the present Example 23 is shown in Fig. 45, and the spherical 
aberration view is shown in Fig. 46. Further, in the present example 23, the result in which the variation of the spherical 
aberration generated in the optical system due to various causes, is corrected by moving the coupling lens along the 
optical axis, is shown in Table 35. Further, in the optical system of the present example, the recording and/or reproducing 

10 is possible onto the optical information recording medium having 2 recording layers on one side. The transparent 
substrate thickness of the first recording layer is 0.1 mm, and the transparent substrate thickness of the second re- 
cording layer is 0.2 mm. As shown in Table 35, the spherical aberration generated due to the difference of this trans- 
parent substrate thickness is corrected by moving the coupling lens along the optical axis. When the displacement 
amount of the movable lens is increased, the recording and/or reproducing onto the optical information recording me- 

15 dium having the recording layers of more than 3 layers, is possible. 

[Table 23] 
20 Example 2 3 



NAqbjO .85, fpsj =1.765, f q B j+sa=3 . 6 09 , X =405 nm 



Surface No. 


Remarks 


r (mm) 


d(rmi) 




Vd 




Light source 




do (variable) 






1 (Aspheric 1) 


Spherical 
aberration 
correction 
means 


880. 783 


1.200 


1.52491 


56.5 


2 (Aspheric 2) 


-4.851 


d2 (variable) 








Diaphragm 




0.000 






3 (Asperic 3 
Diffraction 
surface 1) 


Obj ective 
lens 


2.001 


1.683 


1.52491 


56.5 


4 (Aspheric 4 ) 


24.912 


0.575 






5 (Aspheric 5 ) 


0.982 


1.088 


1.52491 


56.5 


6 


-5.337 


0.150 






7 


Transparent 
substrate 


oo 


d9 (variable) 


1.61950 


30.0 


8 


oo 









45 



50 



55 



3DOCID: <EP 1 199717A2J_> 



87 



EP 1 199 717 A2 



Aspherical surface coefficient 



10 



15 



20 



Aspherical surface 
K=181947 . 0772 
A 4 = 0 . 549647xl0~ 2 
A 6 = 0 . 106005X10" 3 
A 8 =~0 . 755968xl0~ 4 
A 10 =-0.448479xl0 -3 



Aspherical 
K=-0 . 10247 



Aspherical surface 

K=-l. 956974 

A 4 = 0 .201267X10" 2 

A 6 = 0 . 134232X10" 2 

A 8 =-0 . 165037X10" 3 

A 10 =-0.231114xl0" 3 



surface 3 



Aspherical surface 
K=-354 .21152 



A 4 = -5 . 


5546xl0" 3 


A 4 = 


0 . 


287649X10" 2 


A 6 =-l . 


5637xl0' 3 


A 6 = 


0 . 


713128X10" 3 


A 8 =-4 . 


5919X10' 4 


A 8 = 


0 . 


232361xl0~ 2 


A 10 =-9 


. 0730X10" 5 


Ai 0 = 


-0 


.271692xl0 -2 


A 12 =-4 


- 8123X10" 6 


A I2 = 


0 


. 122473xl0" 2 


Ai4= 9 


. 7834X10" 6 








Ai 6 = -3 


. 0273xl0~ 6 









Aspherical surface 5 
K=-0 . 312587 
A 4 = 0 . 215505xl0 _1 
A 6 =-0. 340499X10' 1 
A 8 = 0.120851x10° 
A 10 =-0. 107335x10° 



Diffraction surface coefficient 

Diffraction surface 1 
b 2 =-l . 5428xl0~ 2 
b 4 =-l . 6716X10' 4 
b 6 =-4 . 3482xl0" 4 



[Table 24] 



Example 12 


Factors of spherical aberration variation 


Wave front aberration after correction 


d2(variable) 


Reference condition 
(X=A0S nm, T=25 °C, t=0.100 mm) 


O.OOU 


0.500 


Wavelength variation of LD 


AX =+1 0 nm 


O.OOU 


0.487 


AX =-10 nm 


0.003?l 


0.515 


Temperature change 


AT =+30 °C 


0.005X 


0.543 


AT =-30 °C 


0.008^ 


0.457 


Transparent substrate thickness error 


At =+0.02 mm 


O.OOU 


0.287 




At =-0.02 mm 


0.002X 


0.727 


[Table 25] 


Example 13 


Factors of spherical aberration variation 


Wave front aberration after correction 


d2 (variable) 


Reference condition 
(X=405 nm, T=25 °C, t=0.100 mm) 


O.OOU 


1.500 



MSDOCID: <EP 1 199717A2_I_> 



88 



EP1 199 717 A2 

[Table 25] (continued) 



Example 13 


Factors of spherical aberration variation 


Wave front aberration after correction 


d2 (variable) 


Wavelength variation of LD 


AX =+10 nm 


0.00U 


1.411 


AX =-10 nm 


o.oou 


1.586 


Temperature change 


AT =+30 °C 


0.007X 


1.562 


AT =-30 °C 


0.008X 


1.438 


Transparent substrate thickness error 


At =+0.02 mm 


0.005X 


1.047 


At =-0.02 mm 


0.005X 


1.991 


[Table 26] 


Example 14 


Factors of spherical aberration variation 


Wave front aberration after correction 


d2(variable) 


Reference condition 
(X=405 nm. T=25 °C : 1=0.100 mm) 


O.OOU 


0.500 


Wavelength variation of LD 


AX =+10 nm 


O.OOU 


0.479 


AX =-10 nm 


O.OOU 


0.524 


Temperature change 


AT =+30 °C 


0.003X 


0.473 


AT =-30 °C 


0.004X 


0.524 


Transparent substrate thickness error 


At =+0.02 mm 


0.006X 


0.251 


At =-0.02 mm 


0.007X 


0.772 


Table 27] 
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Example 15 


Factors of spherical aberration variation 


Wave front aberration after 
correction 


dO (variable) 


d3 (variable) 


Reference condition 
(X=405 nm, T=25 °C : t=0.1 00 mm) 


0.001 X 


6.536 


6.464 


Wavelength variation of LD 


AX =+1 0 nm 


0.001 X 


6.541 


6.459 


AX =-10 nm 


0.001 X 


6.538 


6.642 


Temperature change 


AT =+30 °C 


0.003X 


6.583 


6.417 


AT =-30 °C 


0.004X 


6.488 


6.512 


Transparent substrate 
thickness error 


At =+0.02 mm 


o.ooex 


6.317 


6.683 


At =-0.02 mm 


0.007X 


6.762 


6.238 


[Table 28] 


Example 1 6 


Factors of spherical aberration variation 


Wave front aberration after 
correction 


dO (variable) 


d3 (variable) 


Reference condition 
(X=405 nm ; T=25 °C ; t=0.1 00 mm) 


O.OOU 


11.560 


5.000 
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[Table 28] (continued) 



Example 16 " 


Factors of spherical aberrat 


ion variation 


\A/awp frnnt ahorratiftn of+*-»K 
wave liuill dUcf f dLIOrj drier 

correction 


dO (variable) 


d3 (variable) 


Wavelength variation of LD 


AX =+1 0 nm 


0.002A 


11.496 


5.064 


AA =-10 nm 


0.003A 


11.622 


! 4.938 


Temperature change 


AT =+30 °C 


0.004A. 


11.690 


4.870 


AT =-30 °C 


0.005A 


11.431 


5.129 


Transparent substrate 
thickness error 


At =+0.02 mm 


0.01U 


11.120 


5.440 


At =-0.02 mm 


0.01U 


12.025 


4.535 



[Table 29] 



Example 17 ~~ 1 


Factors of spherical aberration variation 


Wave front aberration after correction 


d2(variable) 


Reference condition 
(a=405 nm, T=25 °C, t=0.100 mm) 


0.001A 


1.500 


Wavelength variation of LD 


AX =+10 nm 


0.003X 


1.500 




AX =-10 nm 


0.003A 


1.492 


Temperature change 


AT =+30 °C 


0.005X 


1.795 




AT =-30 °C 


o.ooex 


1.211 


Transparent substrate thickness error 


At =+0.02 mm 


0.007X 


0.260 




At =-0.02 mm 


0.007X 


2.892 


[Table 30] 




Example 18 ~ 


Factors of spherical aberration variation 


Wave front aberration after correction 


d2 (variable) 


Reference condition (X=405 nm, T=25 ° 


C : t=0.100 mm) 


O.OOU 


1.500 


Wavelength variation of LD 


AX =+10 nm 


0.002X 


1.422 




AX =-10 nm 


0.003A 


1.577 


Temperature change 


AT =+30 °C 


0.005X 


1.693 




AT =-30 °C 


0.005X 


1.308 


Transparent substrate thickness error 


At =+0.02 mm 


0.007X 


0.543 




At =-0.02 mm 


0.007X 


2.563 



Example 19 ' 


Factors of spherical aberration variation 


Wave front aberration after correction 


d2 (variable) 


Reference condition (A=405 nm, T=25 °C, t=0.100 mm) 


O.OOU 


1.500 


Wavelength variation of LD 


AX =+1 o nm 


0.002A, 


1.333 


AX =-10 nm 


0.002X 


1.657 
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[Table 31] (continued) 



5 



Example 19 


Factors of spherical aberration variation 


Wave front aberration after correction 


d2 (variable) 


Temperature change 


AT -+30 °C 


0.007>, 


1.726 


AT =-30 °C 


0.007X 


1.273 


Transparent substrate thickness error 


At =+0.02 mm 


0.006X 


0.186 


At =-0.02 mm 


0.004X 


2.965 



[Table 32] 



20 



Example 20 


Factors of spherical aberration variation 


Wave front aberration 
after correction 


d0 (Varle) (variable) 


d2 (Varle) (variable) 


Reference condition 
(X=405 nm : T=25 °C ; t=0.100 mm) 


o.oon 


8.188 


4.812 


Wavelength variation of 
LD 


AX =+10 nm 


0.004A. 


8.211 


4.789 


A A, =-10 nm 


0.003?. 


8.161 


4.839 


Temperature change 


AT =+30 °C 


o.ooex 


8.306 


4.694 


AT =-30 °C 


0.0069. 


8.071 


4.929 


Transparent substrate 
thickness error 


At =+0.02 mm 


0.008X 


7.941 


5.059 


At =-0.02 mm 


o.ooex 


8.444 


4.556 j 



30 



[Table 33] 



35 



Example 21 


Factors of spherical aberration variation 


Wave front aberration after 
correction 


dO (variable) 


d2 (variable) 


Reference condition 
(X=405 nm, T=25 °C, t=0.100 mm) 


o.oou 


7.990 


5.010 


Wavelength variation of LD 


AX =+1 0 nm 


0.002X 


7.939 


5.061 


AX =-10 nm 


0.002X 


8.039 


4.961 


Temperature change 


AT =+30 °C 


0.003X 


8.065 


4.935 


AT =-30 °C 


0.003X 


7.914 


5.086 


Transparent substrate 
thickness error 


At =+0.02 mm 


0.010X 


7.770 


5.230 


At =-0.02 mm 


0.010X 


8.216 


4.784 



[Table 34] 



Example 22 


Factors of spherical aberration variation 


Wave front aberration after correction 


d2 (variable) 


d9 (variable) 


Reference condition 
(X=405 nm, T=25 °C, t-0.100 mm) 


0.001A. 


3.000 


0.100 


Wavelength variation of LD 


AA.=+10 nm 


0.001X 


2.882 


0.100 


AX =-10 nm 


0.003X 


3.115 


0.100 
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[Table 34] (continued) 



Example 22 ~~ " I 


Factors of spherical aberrat 


ion variation 


Wave front aberration after correction 


d2 (variable) 


d9 (variable) 


Temperature change 


AT =+30 °C 


0. 006)1 


3.087 


0.100 


AT =-30 °C 


O.OOSX 


2.913 


0.100 


Transparent substrate thickness change 


0 oosx 


0.528 


0.200 


[Table 35] 






Example 22 1 


Factors of spherical aberration variation 


Wave front aberration 
after correction 


dO (variable) 


d2 (variable) 


d9 (variable) 


Reference cond 
(X=405 nm, T=25 °C, t= 


tion 

0.100 mm) 


0.005 A, 


8.405 


4.595 


0.100 


Wavelength variation of 
LD 


AX =+10 nm 


0.004). 


8.429 


4.571 


0.100 


AX =-10 nm 


O.OOBX 


8.379 


4.621 


0.100 


Temperature change 


AT =+30 °C 


0.005 X 


8.521 


4.479 


0.100 


AT =-30 °C 


0.013X 


8.290 


4.710 


0.100 


Transparent substrate thickness 
change 


0.01 QX 


7.185 


5.815 


0.200 



30 

I 



35 
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5 



10 



15 



20 



25 



30 



35 



40 



45 



ro 
CM 


coupling 
lens 


1 

element 
in 1 
group 


u 

-H 

-U> 

CQ 


0.10 


0.07 


1 


CN 
CN 




2 ele- 
ments 
in 2 
groups 


pla 


0.04 


0.03 


i 


rH 

CN 


•H CQ 

us 


1 element 
in 1 
group 


plastic 


0.04 


0.03 


0.25 


O 
CN 




0.10 


0.07 


i 




beam 
<pander 


2 elements 
in 2 groups 


u 


0.03 


0.02 




CO 
rH 


lasti 


0.09 


0.07 


i 


r- 

rH 






0.01 


0.01 


i 


V£> 
rH 


pling 
ens 


1 

element 
in 1 
group 


plastic 


0.04 


0.03 


CN 

o 


LO 
rH 


P rH 

o 
o 


2 

ele- 

in 1 
group 


glass 


0.00 


0.00 


1 


rH 


beam expander 


CN 
-H 


plastic 


0.10 


0.07 


1 


ro 

rH 


2 elements 
groups 


0.03 


0.02 


f 


CN 
rH 


cn 

* CO 

Cn 


0.12 


0.09 


1 




mode 


compos i 
-tion 


materia 


g 


in 

© 

Vil _ 


HH i— ( 


<L> 

rH 

I 


Spherical 
aberration 
correction 
means 


CQ 
to 


PQ 
4d 


d Vll 

CN ^ 
O 



(Example 24, 25, 26) 

55 

[0361] Lens data relating to Examples 24, 25, and 26, are respectively shown in Tables 38, 39, and 40. In any one 
of Examples, an objective lens whose NA is 0.85 is obtained by combining 2 aspherical surface plastic lenses. 
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[Table 38] 
Example 24 

5 



X = 405 nm, NA =0 . 85 



10 



Surface NO . 




r 

(mm) 


d 

(mm) 




vd 


1 


Diaphragm 










2 (Aspheric 1) 


Objective 
lens 


2 .454 


2 . 850 


1 . 52491 


56 . 5 


3 (Aspheric 2 ) 


8.. 957 


0 . 100 






4 (Aspheric 3 ) 


1 . 108 


1.400 


1 . 52491 


56 .5 


5 


CO 


0 . 300 






6 


Transparent 
substrate 


oo 


0 . 100 


1 .61949 


30.0 


7 


CO 


0 . 000 







Aspherical surface coefficient 



Aspherical surface 1 Aspherical surface 2 





K 


-1.4194E-01 


K 


3 


. 7095E+01 


25 


A 4 


-2 . 2034S-03 


A 4 


7 


. 5947E-03 




A 6 


1. 5180S-04 


A 6 


-9 


.4569E-03 






-2.5653S-04 


A 8 


-2 


. 6912E-03 




Aio 


-3 . 5698E-05 


Aio 


4 


. 7391E-03 




A 12 


2 . 1681E-06 




-1 


. 9974E-03 


30 


A 14 


8 . 7335E-06 










A 16 


-1 . 9481E-06 








35 


Aspherical surface 3 








K 


-7 . 1132E-01 










A 4 


6 . 5324E-02 










A 6 


-1 . 5684E-02 










A 8 


5.4690E-02 








40 


Aio 


-1 . 9670E-02 









45 



50 



55 
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[Table 39] 
Example 2 5 



X =4 0 5 nm, NA =0.85 



Surface NO . 




r 
(mm) 


d 
(mm) 




vd 


1 


Diaphragm 










2 (Aspheric 1 ) 


Objective lens 


2 . 074 


2 .400 


1 . 52491 


56 . 5 ; 


3 (Aspheric 2 ) 


8 . 053 


0. 100 






4 (Aspheric 3 ) 


0 . 863 


1. 100 


1 . 52491 


56 . 5 


5 


' oo 


0. 240 






6 


Transparent 
substrate 


oo 


0 . 100 


1 . 61949 


30 . 0 


7 


oo 


0. 000 







20 

Aspherical surface coefficient 

Aspherical surface 1 Aspherical surface 2 



K 


-1 . 2955E-01 


K 


4 


.7554E+01 


A 4 


-3 . 7832E-03 




1 


. 3641E-02 


A 6 


5 . 1667E-04 


A 6 


-2 


. 9201E-02 


A 8 


-1 . 1780E-03 


A 8 


-9 


. 3339E-03 


Aio 


-2 . 0628E-04 


Aio 


3 


. 3011E-02 


A 12 


2 . 5941E-05 


A 2 


-2 


.2626E-02 


An 


1 .4917S-04 








A 15 


-5 . 1578E-05 









Aspherical surface 3 
K -7.1425E-01 
A4 1.3647E-01 
A 6 -5.3414E-02 
A 8 3.0269E-01 
A 10 -1.6898E-01 



45 



50 



55 
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[Table 40] 
Example 26 

5 

k =405 nm, NA =0 .85 



Surface NO . 




r 
(mm) 


d 
(mm) 




vd 


1 


Diaphragm 










2 (Aspheric 1 ) 


Objective lens 


1 .776 


2 .000 


1. 52491 


56 . 5 


3 (Aspheric 2) 


7 . 120 


0 .100 






4 (Aspheric 3 ) 


0 . 975 


1 .100 


1 . 52491 


56 . 5 


5 


CO 


0 .253 






6 


Transparent 
substrate 


CO 


0.100 


1 . 61949 


30 . 0 


7 


oo 


0.000 







20 



Aspherical surface coefficient 








Aspherical surface 1 


Aspherical 


surface . 


K -1.8058E-01 


K 


3 


. 3791E+01 


A 4 -5.9021E-03 


A 4 


2 


. 1872E-02 


A 6 1.2566E-03 


A 6 


-2 


. 4130E-02 


A 8 -1.6003E-03 


A 8 


-1 


. 2718E-02 


Aio -4.1637E-04 


Aio 


2 


.2673E-02 


A12 3.3619E-05 


A12 


-1 


. 3767E-02 


A14 1.7795E-04 








A i6 -6.6205E-05 








Aspherical surface 3 








K -7 . 7858E-01 








A4 1.2025E-01 








A 6 -5.8633E-02 








A 8 1.9722E-01 








Aio -1.1463E-01 









[0362] Relating to each examples 24, 25 and 26 5 the optical path views are shown in Fig. 50, Fig. 52 and Fig. 54, 
and the spherical aberration views and astigmatism views are respectively shown in Fig. 51 , Fig. 53 and Fig. 55. The 

45 plastic material is polyolefin series resin, and the specific gravity is about 1 .0, and the saturated water absorption is 
not larger than 0.01 %, and as the result, the weight is smaller than half of the weight of the objective lens in which 2 
glass lenses are combined, and although the NA is 0.85 which is large, about 0.02 lo 0.04 g (nol including the lens 
frame) can be realized. As shown in each of Tables 38 to 40, the first surface to the third surface are aspherical. Further, 
although the objective lens is 2 lens composition and NA is 0.85 Which is large, the working distance is largely secured. 

50 [0363] Further, the values of the wave front aberration at the reference condition (temperature 25 °C, wavelength 
405 nm) and the temperature change of ± 30 °C and wavelength change of ±10 nm, of each of examples 24, 25 and 
26, are shown in Table 42. As can be seen from this table, although the objective lens is formed of the plastic material 
whose NA is 0.85 and large in any one of examples, the deterioration of the wave front aberration at the temperature 
change and the wavelength change is very small. Where, the wavelength change of the light source at the temperature 

55 change is defined as +0.05 nm/°C and the refractive index of the plastic material at the temperature change is defined 
as -12x10" 5 /°C. Further, the values relating to the above-described conditional expressions (9) to (14) are as shown 
in Table 41 . In the lens data in the table and the view, there is a case where the exponent(for example, 2.5 x 10" 3 ) is 
expressed by using E (for example, 2.5 x E-3). 
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[Table 41] 



Example table 


Example 


24 


25 


26 


27 


28 


29 


f(mm) 


2.20 


1.76 


1.76 


1.76 


1.76 


1.88 


NA 


0.85 


0.85 


0.85 


0.85 


0.85 


0.80 


X (nm) 


405 


405 


405 


405 


405 


405 


4 WD (mm) 


0.30 


0.24 


0.25 


0.10 


0.28 


0.15 


ENP (mm) 


3.74 


3.00 


3.00 


3.00 


3.00 


3.00 


WD/ENP 


0.08 


0.08 


0.08 


0.03 


0.09 


0.05 


WD/f 


0.14 


0.14 


0.14 


0.06 


0.16 


0.08 


f1/f2 


2.65 


2.85 


2.15 


0.73 


5.01 


2.48 


(r2+r1 )/<r2-r1) 


1.75 


1.69 


1.66 


065 


2.59 


1.34 


(Xr-X3')/((NA) 4 .f) 


-0.02 


-0.03 


-0.01 


0.04 


-0.06 


-0.02 


f-^.Z(n/(M.p 2 )) 















25 



30 



35 



40 



45 



[Table 42] 



Wave front aberration at the temperature change and wavelength change 


Example 


24 


25 


26 


Reference condition 
(T=25°C, X=405 nm) 


0.004X 


0.004}, 


0.003A. 


AT =+30 °C 


0.01 9X 


0.01 7X 


0.009A, 


AT =-30 °C 


0.019X 


0.015X 


0.015X 


AX =+10 nm 


0.008^ 


0.008X 


0.002A, 


AX =-10 nm 


0.008>i 


0.007?i 


0.008X 



(Examples 27, 28 and 29) 

[0364] An optical path diagram is shown in each of Figs. 56, 58 and 60 and a spherical aberration diagram and an 
astigmatism diagram are shown in each of Figs. 57, 59 and 61, for each of Examples 27, 28 and 29. Values of each 
conditional expression are shown in Table 36. Plastic materials are olefin resins whose specific gravity is about 1 0 
and saturated coefficient of water absorption is 0.01% or less, and as a result, it was possible to make the weight of 
the objective lens to be not more than a half of the weight of an objective lens wherein two glass lenses are cemented 
and the we.ght of about 0.02 - 0.04 g (including no lens frame) was realized despite large NAs of 0.85 and 0 80 As is 
shown ,r , each of Tables 43-45, an aspheric surface is provided on each of the first - third surfaces. Further a large 
workmg distance is secured in spite of the objective lens having the two-element structure and large NAs 0 85 and 0 80 



so 



55 
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[Table 43] 
Example 2 7 
N A 0.85, 



f = 1 . 76 , )i = 405 ntn 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 . 000 






1 ( Aspheric 1 ) 


Obj ective 
lens 


1 .464 


1 . 930 


1 . 524S1 


56 . 5 


2 (Aspheric 2) 


-6 . 976 


0 . 100 






3 (Aspheric 3) 


1 . 532 


1 . 100 


1 . 52491 


56 . 5 


4 


7 .612 


0 . 103 






5 


Trans- 
parent 
substrate 


oo 


0 . 100 


1 .61950 


30 . 0 


6 


oo 









10 



15 



20 



25 



30 



Aspherical surface coefficient 

Aspherical surface 1 Aspherical surface 2 Aspherical surface 3 



K=-3 . 15621E-01 
A 4 =-7 .42369E-03 
A 6 =-l . 28636E-03 
A 8 =-l . 53410E-03 
A 10 =-l . 08655E-04 
A 12 =-5. 15232E-06 
Ai4 = l- 89150E-05 
A 16 =-3 .48696E-05 



K=-l . 96646E+02 
A4=9 . 81444E-03 
A 6 =-2 . 35743E-03 
A 8 =2 . 70656E-04 
A 10 =-3 . 91136E-03 
A 12 =l . 65621E-03 



K=-2 . 18891E+00 
A 4 =8 . 91751E-02 
A 5 =-7 . 91219E-02 
A 8 =l . 08852E-01 
A 10 =-5 . 75598E-02 



35 



40 



45 



50 
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[Table 44] 
Example 2 8 
NA 0.85, 



f = 1.76, X = 405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 




0 . 000 






I (Aspheric 1) 


Objective 
lens 


2 . 658 


2 . 750 


1 . 52491 


56.5 


2 (Aspheric 2 ) 


5 . 997 


0 .300 






3 (Aspheric 3 ) 


0 . 742 


1 . 100 


1 . 52491 


56 . 5 


4 


oo 


0 .276 






5 


Trans- 
parent 
substrate 


oo 


0 .100 


1 . 61950 


30.0 


6 ! 











10 



15 



20 



25 



30 



Aspherical surface coefficient 

Aspherical surface 1 Aspherical surface 2 Aspherical surface 3 



K=l . 02398E-01 
A 4 = 6 . 92273E-04 
A 6 =l . 80384E-03 
A 8 =-l . 95638S-03 
A 10 «1.17276E-04 
A 12 = l .46133E-04 
A 14 = 9 . 36437E-06 
Ai6=-1. 65788E-05 



K= -4 . 87682E+00 
A 4 =3 . 27502E-02 
A 6 =-l . 27613E-02 
A e =4 . 38628E-03 
A lc =-6 . 76883E-03 
A 12 =l. 0408SE-03 



K=-7 . 86356E-01 
A4 = l . 95462E-01 
A 5 =-8 . 49504E-02 
A 8 = 5 .21150E-01 
A X o=-2 . 22948E-01 



35 



40 



45 



50 



[Table 45] 
Example 2 9 

NA 0.80, 



f = 1.88, X = 405 nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 




0 . 000 






1 (Aspheric 1) 


Ob j ective 
lens 


2 .208 


2 . 500 


1. 52491 


56 . 5 


2 (Aspheric 2) 


15 .380 


0 . 100 






3 (Aspheric 3 ) 


0 . 976 


1 .300 


1.52491 


56 .5 


4 


oo 


0.189 






5 


Trans- 
parent 
substrate 


oo 


0 . 100 


1. 61950 


30 . 0 


6 


oo 
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10 



15 



Aspherical surface coefficient 

Aspherical surface 1 Aspherical surface 2 Aspherical surface 3 

K=-2 . 33 58 IE- 01 K=l . 13 94 0E+02 K= - 9 . 5 03 8 8E - 0 1 

A 4 =-2 .43201E-03 A4=l . 3 6912E-02 A 4 =l . 3 0447E-01 

A 6 =l . 12 6 74E-0 3 A 6 =-9 . 93 318E-03 A 6 =-l . 13 2 2 3E-02 

A 8 =-l. 0 7 623E-03 A B =-8 . 94324E-03 A 8 =l . 3 674 8E-01 

A 10 =-l . 2 05 38E-05 Ai 0 = l . 28S3 9E-02 Ai 0 =-5. 568163-02 

Ai2 = 7 . 71852E-05 A i2 =-5 . 63917E-03 
Ai4 = l. 15301E-05 
A 1€ =-9. 32159E-06 



[0365] Next, an optical pick-up apparatus as the embodiment according to the present invention will be described 
referring to Fig. 47. 

[0366] The optical pick-up apparatus in Fig. 47 is provided with an objective lens 1 of 2 elements in 2 groups com- 
position in which the plaslic lens 1 a and 1 b according lo the present invention are integrally held by a holding member 

20 1c, and the semiconductor laser 3 which is a light source, the coupling lens 2 by which the diverging angle of the 
divergent light emitted from the light source 3 is converted, and the light detector 4 by which the reflected light from 
the information recording surface 5 of the optical information recording medium is received. The objective lens 1 con- 
verges the light flux from the coupling lens 2 onto the information recording surface 5 of the optical information recording 
medium, from the information recording surface 5 is separated toward the light detector 4, and a 1/4 wavelength plate 

25 7 arranged between the coupling lens 2 and the objective lens 1 . a diaphragm 8 placed in the front of the objective 
lens 1 , a cylindrical lens 9, and a 2 axis actuator 1 0 for focusing • tracking. That is, in the present embodiment, the light 
converging optical system has the beam splitter, coupling lens, 1/4 wavelength plate, objective lens, and diaphragm. 
In this connection, in the present embodiment, it may be allowable to regard the beam splitter as it is not included in 
the light converging optical system. 

30 [0367] Further, the objective lens 1 has a flange portion 1 d having the surface extending to the perpendicular direction 
to the optical axis on the outer periphery of the holding member 1c. By this flange portion 1d, the objective lens 1 can 
be mounted to the optical pick-up apparatus with good accuracy. 

[0368] Then, the coupling lens 2 may be a collimator lens by which the incident divergent light flux is converted into 
almost parallel light flux to the optical axis. In this case, it is desirable that the light source 3 or collimator lens 2 can 
35 be adjusted by moving to the optical axis direction of the collimator lens so that the outgoing light flux from the collimator 
lens is in almost parallel light beams. 

[0369] As described above, the optical pick-up apparatus of the present invention may be structured by a collimator 
lens to convert the divergent light flux from the light source to almost parallel right beams, and the objective lens to 
converge the parallel light beams onto the information recording surface, or may be structured by the coupling lens 

to which is a conversion lens to converse the divergent light flux to the divergent light flux or converging light flux by 
changing an angle of the divergent light flux from the light source, and the objective lens to converge the light flux from 
the coupling lens onto the information recording surface. Further, it may be structured by only the objective lens (finite 
conjugate type objective lens) to converge the light flux from the light source onto the information recording surface. 
[0370] Then, when the objective lens according to the present invention is used for such the optical pick-up apparatus, 

4 5 the optical pick-up apparatus for the optical disk which can conduct the recording and reproducing with high density, 
can be obtained. 

[0371] NexL, in Fig. 48, the optical pick-up apparatus in which a one axis actuator to displace the coupling lens as 
the spherical aberration correction means along the optical axis direction, is provided in the optical pick-up apparatus 
in Fig. 47, is shown. 

so [0372] As shown in Fig. 48, by the one axis actuator 11 as the displacement apparatus, when the coupling lens is 
displaced in the optical axis direction by an adequate amount, and the divergent angle of the light flux incident on the 
objective lens 1 is changed, the variation of the spherical aberration generated in the optical system can be cancelled. 
Further, when the oscillation wavelength of the semiconductor laser 3 of the light source is varied, when the temperature 
or humidity is changed, or when the spherical aberration is generated in the optical system due to the thickness error 

55 of the protective layer of the optical information recording medium, by displacing the coupling lens 2 by an adequate 
amount in the optical axis direction by the one axis actuator 1 1 , and by changing the divergent angle of the light flux 
incident on the objective lens 1 , the variation of the spherical aberration generated in the optical system can be can- 
celled. 



3DCCID: <EP 1 199717A2_I_> 



101 



EP 1 199 717 A2 



SctilVpattem oTr^ imem ' ?■ """" °" * M ° n& SWe ° f lens 2 is P™"** thereon with 

ETHh rszr and ,74) ' when ,h * sh ° rt •« «*- ■— 

[0381] Refemng to the drawing., embod.ments 2-1 to 2-4 according to the present invention will be described below. 



(Embodiment 2-1) 



[0383] The spherical aberration views ot 3 kinds of objective lenses when the temperature rises bv + 30 -c from thn 
re erence temperature ( + 25 »C) are shown in Fig. 62. The values of the expression (32) re rTspecLefy ^ 0 05 £ 

[0384] In contrast to that, in the case of (a) which is the most preferable condition of the expression f32^ tho n™, 
ation amount of the third order spherical aberration at th« t; mo ~f * . expression (32), the gener- 
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refractive index to the temperature change of the plastic material is defined as -1 2 x 1 0" 5 / °C, and the variation amount 
of the oscillation wavelength to the temperature change of the blue violet semiconductor is defined as + 0.05 nm/°C. 

(Embodiment 2-2) 

5 

[0385] The objective lens according to the embodiment 2-2 is an objective lens used for the recording and/or repro- 
ducing of the information of the optical information recording medium, and the objective lens formed of the plastic 
material of the 2 group 2 lens composition whose NA is 0.85. The focal distance is 1 .765 mm, and the reference 
wavelength is 405 nm, and the diffracting action of the ring-shaped diffractive structure provided on at least one surface 

io and the refractive action as the refractive lens are combined, and thereby, the axial chromatic aberration is corrected. 
The chromatic aberration over correction type objective lens (a)has ; when the diffracting action as the diffractive lens 
and the refractive action as the refractive lens are combined, the axial chromatic aberration characteristic in which the 
back focus is changed to the direction in which it is decreased when the wavelength of the light source is shifted to the 
long wavelength side, and when the above-described expression (34) is satisfied, the movement of the position of the 

15 best image plane when the wavelength of the light source is minutely varied, is suppressed to small, and it is a lens 
in which deterioration of the wave front aberration at the time of the high frequency superimposition or the mode hop 
is small. In contrast to that, the chromatic aberration perfect correction type objective lens (b) suppresses the deteri- 
oration of the wave front aberration at the time of the high frequency superimposition or the mode hop to small, when, 
in addition to the correction of the axial chromatic aberration, the deterioration of the spherical aberration at the time 

20 of the wavelength change is almost perfectly corrected. 

[0386] Fig. 63 is the spherical aberration views of the chromatic aberration over correction type objective lens (a) 
according to the present embodiment, and the chromatic aberration perfect correction type objective lens (b). Both 
are, in the cases where the shift amount of the wavelength (X) at the time of the mode hop of the blue violet semicon- 
ductor laser is presumed as 1 1 nm, although both of the wave front aberrations at the time of the mode hop of the 

25 objective lens of the chromatic aberration overcorrection type and the objective lens of the chromatic aberration perfect 
correction type are 0.005 X (in this connection, the defocus component is included), the minimum value of the ring 
band interval of the diffractive structure in the effective diameter of the objective lens of the chromatic aberration perfect 
correction type is 4.8 {.im, and in contrast to that, in the objective lens of the chromatic aberration overcorrection type, 
it can be 7.1 jim. 

30 [0387] In this connection, the changing amount ACA of the axial chromatic aberration is, when the wavelength of the . 
light source is shifted by +1 0 nm to the long wavelength side, in the spherical aberration view of the objective lens (a) 
of the chromatic aberration over correction type in Fig. 63, shown by the movement width of the lower end of the 
spherical aberration curve of 405 nm and 41 5 nm, and the movement direction is, by the shift of the wavelength of the 
light source to the long wavelength side, the direction in which the back focus is decreased. Further, the changing 

35 amount ASA of the spherical aberration of the marginal ray source is shown by the width between the upper end of 
the spherical aberration curve of 405 nm when the spherical aberration curve of 405 nm is parallely moved to the 
position in which its lower end is overlapped with the lower end of the spherical aberration curve of 415 nm, and the 
upper end of the spherical aberration curve of 415 nm. 

[0388] Further, referring to Fig. 64 and Fig. 65, the theoretical analysis of the reason in which the minimum ring band 
40 interval of the objective lens of the chromatic aberration over correction type is larger than that of the chromatic aber- 
ration perfect correction type, will be described below. 

[0389] The coordinate system in which the central position of the exit pupil is the origin, as shown in Fig. 64 is 
presumed. The h axis is set to the direction perpendicular along the optical axis and the z axis is set to the optical axis. 
The image plane at reference wavelength is at + R along the z axis (optical axis) from the center of the exit pupil, and 
45 the refractive index of the image space is defined as n. Further, the chromatic aberration in the lateral direction at the 
image plane at the reference wavelength of the light beam of the wavelength sifted from the reference wavelength is 
defined as Ah, and the chromatic aberration in the longitudinal direction corresponding to that, is defined as Az. 
[0390] Between the chromatic aberration Ah in the lateral direction and the optical path difference function <I>(h) 
added to the wave front by the diffracting action of the diffractive structure, there is the next relationship. 

50 

Ah= (R/n) • (dd>/dh) (84) 

[0391] Further, between the chromatic aberration Ah in the lateral direction and the chromatic aberration Az in the 
55 longitudinal direction, because the relationship of Az = (R/n) - Ah is established, the expression (84) can be expressed by 
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Az = (R 2 /n) • (1/h) • (dd>/dh). 



(85) 



f 0 m tL , CaSS T' ^ diffractin 9 action ' when the chromatic aberration when the wavelength is shifted 

loTec ion t rrr t r g,h ;° the short waveiength side > is correc,ed s ° » to be the 

S r Vh. a J a V T B T aberration curves before th e correction and after the correction are as shown in Fig 
waSlelnfh a \l T ft is made ° ver corrected, and the spherical aberration curve of the reference 
nnSnf th sphencal aberration curve on the long wavelength side are crossed, and, forthe simplification the 
cross point of the sphencal aberration curve of before the correction and the optical axis is made the origin and he 
fhTi^T TT" bS,0re C ° rreCti0n " °' thS 3Xial Chr0matic aberration (ACA) after the correct on"! 2e 
Lber^ 1 fT e T'° n 31 refSrenCe wave,en S th is + and the changed amount (ASA) of the spherical 
aberration of the marginal ray after the correction is defined as - 2e h»'«>«-a' 
[0393] The optical path difference function <t> (a) (h) of the chromatic aberration over correction type is expressed by 



* (a) (h) = b 2 • h 2 + b 4 • h 4 



(86) 



SSf! , H he / e ;K he ° PtiCal Path difference ,unction is ™de to fourth-order term of h. When the expression (86) is 
substituted into the expression (8S) : and for the simplification, when ' 

R=1 andn=1,Az = 2-b 2 +4.b 4 .h 2 . (87) 

L°e!p!ess W ed e by h = °' ^ = ^ ^ " = W ^ = °' ^ b * = ' h ^ and the expression (86) 

* (a) = e • h 2 - e/(2 • h MAX 2 ) • h 4 . (88) 

fonofh t„ th^ * T 6 W , here Chromatic Serration when the wavelength is shifted from the reference wave- 
lohlril, k t wavelen 9 th s ' d C * corrected so as to bo the chromatic aberration perfect correction type the 
spherical aberration curves before the correction and after the correction are as shown in Fig, 65(b). For the simplif^ 

andThe ££T ? °T T °' Mon {he C ° rreCti ° n and the °P tica ' axis ™de the origin 

1 + ? and ifr" h ^ 6 COrreCti ° n " °' aXia ' ChTOmatiC abSrrati0n < ACA > after the common 

iJnPd I » ? 2 9 TK Unt (ASA) ° f SPh6riCal aberrati ° n ° f the mar 9 inal n 9 ht beam after the correction is 
defined as 0. n the case of the chromatic aberration perfect correction type, because Az = e without depending on the 

S'XT s,on (85)i the optical path difference function *« (h) satisfies the differen,iai e ^ uation ° f d C 

[0397] (89) It is integrated by h, and when 

R =1 , and n =1 , then, d<t> (b) (h) = (e/2) • h 2 . (90) 

[0398] Between the optical path difference function O(h) and the interval P of the ring band measured in the direction 
perpendicular to the optical axis, the next relationship is established. direction 

P = IX/(dO(h)/dh)l (91) 

of 3 p 9 f s 1 fou H nd ein ' Wh6n ° PtiCa ' P3th differenCe fUnCti ° nS res ^ ei y (h) and o (b) (h), the minimum value 
[0400] When P has the minimum value, from the expression (91 ), it is the case at which l(cM>(h)/dh)l has the maximum 

[0401] In the case of c|> (a) (h), from the expression (88), because dO, a) (h)/dh = 2 • e • h -2 • e/h M4V 2 • h* the time at 
wh,ch dO (a) (h)/dh has Ihe maximum value, is the case where d/dh (dcl, ( h)/dh) = 2 • e - 6 • e/h.J $ - 0 is elb Zed 
[0402] Accordingly, when h . W V 3 . because * (a)( h)/dh has tL maximum vie d^O^ = 4 ^ e 
• h MAX> the minimum value of P becomes (a) MAX ' fc 
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P (a)MiN = 9/(4 • V3) - X/(e • h MAX ) = 1 .3 • k/(e, • h MAX ). (92) 

[0403] On the one hand, in the case of <J> (b) (h) 5 from the expression (90), because d<I> (b) (h)/dh = f • h, d<I> (b) (h)/dh 
5 has the maximum value dO (b) (h MAX )/dh = e • h MAX at the time of h = h MAX . 
[0404] Accordingly, the minimum value of P is P (b)M iN = Me ■ n MAx)- ( 93 ) 

[0405] From the expression (92) and the expression (93), P (a)M | N > P (b)MiN ( 94 ) is established, therefore, the minimum 
ring band interval of the objective lens of the chromatic aberration overcorrection type is larger than that of the chromatic 
aberration perfect correction type. 
10 [0406] In this connection, the drawing in which the expression (88) of the optical path difference function in the case 
of the chromatic aberration over correction type (a) and the expression (90) of the optical path difference function in 
the case of the chromatic aberration perfect correction type (b) are plotted, is Fig. 66. Where, the axis of abscissa is 
4>(h) (mm), and the axis of ordinate is h (mm). 

75 (The embodiment 2-3) 

[0407] The light converging optical system according to the embodiment 2-3 is a light converging optical system for 
the recording and/or reproducing the information of the optical information recording medium, including the objective 
lens for light converging the luminous flux emitted from the light source onto the information recording surface of the 

20 optical information recording medium, and when it has a spherical aberration correction means for correcting the minute 
variation of the transparent substrate of the information recording medium, the minute variation of the oscillation wave- 
length of the lighL source, or the variation of the spherical aberration generated on each optical surface of the light 
converging optical system due to the temperature humidity change or due to these combination, the light converging 
optical system in which the light converging characteristic is always fine, can be obtained. 

25 [0408] As the spherical aberration correction means, an example of the light converging optical system using the 
clement whose refractive index distribution is variable, is shown in Fig. 67. As shown in Fig. 67, between the objective 
lens and the collimator lens, a refractive index distribution variable element 21 whose refractive index distribution is 
variable, is arranged. 

[0409] As the refractive index distribution variable element 21 , as shown in Fig. 67, the element in which, for example, 
30 the optically transparent electrode layers a, b, and c which are electrically connected with each other, and the refractive 
index distribution variable layers d and e electrically insulated from the electrode layers a, b and c, in which the refractive 
index distribution is changed corresponding to thee applied voltage, are alternately laminated, and the optically trans- 
parent electrode layers a, b, and c are divided into a plurality of ranges, can be used. 

[0410] In Fig. 67, when the variation of the spherical aberration is detected, the voltage is applied on the electrode 
35 layer s a, b, and c by the drive means 22 of the refractive index distribution variable element 21 , and the refractive 
indexes of the refractive index distribution variable layers d and c are changed corresponding to the position, and the 
phase of the emitted light from the refractive index distribution variable element 21 is controlled so that variation of the 
spherical aberration is zero. 

[0411] An example of another refractive index distribution variable element is shown in Fig. 68. The refractive index 
distribution variable element 23 in Fig. 68 has a liquid crystal element 23a in which the liquid crystal molecule is arranged 
properly in an arbitrary X direction in the surface perpendicular to the optical axis, and a liquid crystal element 23b in 
which the liquid crystal molecule is arranged properly in Y direction perpendicular to the X direction in the surface 
perpendicular to the optical axis. The liquid crystal element 23a and the liquid crystal element 23b are alternately 
laminated with the glass substrate 23c between them, and the 1/2 wavelength plate 23d is arranged between inside 
45 glass substrates 23c. 

[0412] In Fig. 68, when the variation of the spherical aberration is detected, by applying the voltage from the drive 
means 22 onto respective the liquid crystal element 23a and the liquid crystal element 23b of the refractive index 
distribution variable element 23, when the X direction component and the Y direction component of the phase of the 
emitted light from the refractive index distribution variable element 23 are independently controlled, the variation of the 
50 spherical aberration is corrected. 

[0413] By the refractive index distribution variable elements 21 and 23 shown in Fig. 67 and Fig. 68, when the dis- 
tribution of the refractive index is generated by the voltage application and the variation of the spherical aberration is 
corrected, the light converging optical system which has no moving part and is mechanically simple, can be structured. 

55 (The embodiment 2-4) 

[041 4] Fig. 69 is a view generally showing the optical pick-up apparatus according to the embodiment 2-4. The optical 
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The list of examples 

[0423] In each example, the optical path difference function expressing the diffractive surface provided on each lens 
is expressed by the expression (A) and the aspherical surface is expressed by the next expression (B). 

5 

X = (h 2 /r)/{1 + V(1 - (1 +k)(h 2 /r 2 ))] + A 4 h 4 + A 6 h 6 + ... (B) 

Where, A4, A6 : ... ; aspherical surface coefficient, K; conical coefficient, r; paraxial radius of curvature, and r, d, 
10 and n express the radius of curvature of the lens, surface interval, and refractive index. 

(Example 2-1 ) 

[0424] The present example is an objective lens formed of the plastic material of the reference wavelength of 405 
15 nm, NA of 0.85, and entrance pupil of 3.00 mm, and the lens data is shown in Table 44. When the first surface is the 
diffractive surface, the axial chromatic aberration and the spherical aberration at the time of the wavelength variation 
of the light source are corrected. Further, although it is high NA plastic objective lens of 2 groups, the working distance 
is 0.24 mm which is large, and further, because the aberration deterioration at the time of the temperature change is 
suppressed to small thereby, the applicable temperature range can be increased. Further, when the higher order than 
20 fourth order diffractive surface coefficient is used, because the deterioration of the spherical aberration at the time of 
wavelength variation of the light source is suppressed to small, the laser light source whose oscillation wavelength is 
deviated from the reference wavelength can be used. The optical path view of Example 2-1 is shown in Fig. 71 , and 
the spherical aberration view is shown in Fig. 72. 



[Table 47] 



Example 2-1 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 


oo 


0 . 000 






1 


Obj ective 
lens 


2 .363 


2 .420 


1 . 52491 


56 . 5 


2 


5 .716 


0 . 100 






3 


0 . 824 


1 . 100 


1 . 52491 


56 . 5 


4 


oo 


0 . 240 






5 


Trans- 
parent: 
substrate 


oo 


0 . 100 


1 . 61949 


30.0 


6 


oo 









Aspherical surf 

45 

Surface No . 1 
K=-l .1657E-02 
A 4 =-5 . 7810E-05 
A 6 =2 . 0309E-04 
50 A 8 =-2 . 0998E-03 

A 10 = 3 . 0348E-04 
A i2 = 9 . 7520E-06 
A 14 = 7 . 1291E-05 
A 16 = -3 . 2444E-05 



coefficient 

Surface No . 2 
K=2 . 4281E+01 
A 4 =8 . 7896E-03 
A 6 =-2 . 7805E-02 
A 8 =-2 . 3050E-02 
A 10 = 4 . 9954E-02 
Ai2=-3 .3277E-02 



Surface No . 3 
K=-7 . 4948E-01 
A 4 = l . 6080E-01 
A 6 = -5 . 9764E-02 
A 8 =3 . 6904E-01 
A 10 =-l . 9120E- 01 
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Diffraction surface coefficient 

Surface No . 1 
b2=-1.4993E-02 
b4 = l .2116E-03 
b6 = -l . 0880E-03 
b8 = 2 .2720E-04 
/o b!0=-6 . 2535E-05 

(Example 2-2) 

[0425] The present example is an objective lens formed of the plastic material of the reference wavelength of 405 
15 nm, NA of 0.85, and entrance pupil of 3.75 mm, and the lens data is shown in Table 48. When the first surface is the 
diffractive surface, the axial chromatic aberration and the spherical aberration at the time of the wavelength variation 
of the light source are corrected. Further, although it is the high NA plastic objective lens of 2 groups, the working 
distance is 0.3 mm which is large, and further, because the aberration deterioration at the time of the temperature 
change is suppressed to small thereby, the applicable temperature range can be increased. Further, when the higher 
zo order than fourth order diffractive surface coefficient is used, because the deterioration of the spherical aberration at 
the time of wavelength variation of the light source is suppressed to small, the laser light source whose oscillation 
wavelength is deviated from the reference wavelength can be used. The optical path view of Example 2-2 is shown in 
Fig. 73, and the spherical aberration view is shown in Fig. 74. 
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[Table 4 8] 
Example 2-2 

5 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 


oo 


0 . 000 






1 


Ob j ect ive 
lens 


2 . 953 


3 . 000 


1 . 52491 


56 . 5 


2 


5 . 976 


0 . 100 






3 


1 . Oil 


1 .400 


1 . 52491 


56 . 5 


4 


oo 


0 . 300 






5 


Trans- 
parent 
substrate 


oo 


0 . 100 


1 . 61949 


30 . 0 


6 


oc 









20 



Aspherical surface coefficient 



Surface No . 1 Surface No . 2 Surface No . 3 

K=-6.3192E-02 K=l .689 9E+01 K=-7 . 515 9E-01 

A 4 =-7 . 723 2E-04 A^=5 . 192 6E-0 3 A 4 =8 . 1310E-02 

25 A 6 = 2 .4200E-04 A 6 = - 1 . 19 63E- 02 A 6 = - 9 . 94 18E- 03 

A 3 =-4 . 154 9E-04 A 8 =l . 8176E-04 A 8 =7 . 0 92 6E-0 2 

A 10 =6 . 8221E-05 A 10 = 2 . 3778E-03 A 10 =-2 . 1891E-02 

A 12 =l . 1138E-06 Ai2=-1. 88 3 8E-03 



30 



35 



A 14 =-l . 7818E-06 
A 16 =-2 . 5842E-07 



Diffraction surface coefficient 



Surface No . 1 
b2=-1.3497E-02 
b4=-1.7632E-04 
b6 = -2 . 9244E-04 
40 b8=l. 1828E-04 

bl0=-2 . 5259E-05 

(Example 2-3) 

45 

[0426] The present example is an objective lens formed of the plastic material of the reference wavelength of 405 
nm, NA of 0.85, and entrance pupil of 3.00 mm, and the lens data is shown in Table 49. When the second surface is 
the diffractive surface, the axial chromatic aberration and the spherical aberration at the time of the wavelength variation 
of the light source are corrected. Further, although it is the high NA plastic objective lens of 2 groups, the working 

50 distance is 0.3 mm which is large, and further, because the aberration deterioration at the time of the temperature 
change is suppressed to small thereby, the applicable temperature range can be increased. Further, when the higher 
order than fourth order diffractive surface coefficient is used, because the deterioration of the spherical aberration at 
the time of wavelength variation of the light source is suppressed to small, the laser light source whose oscillation 
wavelength is deviated from the reference wavelength can be used. The optical path view of Example 2-3 is shown in 

55 Fig. 75, and the spherical aberration view is shown in Fig. 76. 
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[Table 49] 



Example 2-3 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 


oo 


0 . 000 






1 


Obj ective 
lens 


2 .573 


3 . 000 


1 . 52491 


56 . 5 


2 


3 . 988 


0 . 100 






3 


1 . 063 


1 .400 


1 . 52491 


56 . 5 


4 


oo 


0.300 






5 


Trans- 
parent 
substrate 


oo 


0 . 100 


1 . 61949 


30 . 0 


6 


oo 









Aspherical surf 

Surface No . 1 
K=-l . 4467E- 01 
A 4 =-2 . 0768E-03 
A 6 =3 . 6286E-04 
A 8 =-4 . 4009E-04 
A 10 = 6 . 4500E-05 
A 12 =l . 9781E-06 
A 14 =-1.4141E-06 
A 16 =-l . 1355E-07 



coefficient 

Surface No . 3 

K=-7 . 7377E-01 
A 4 =6 . 9293E-C2 
A 6 =3 . 5988E-04 
A B =5 . 0716E-02 
Aio=-l . 7712E-02 



Diffraction surface coefficient 

35 

Surface No. 2 
b2=-3 . 4997E-02 
b4=2 . 6307E-03 
4Q b6 = -l . 2966E-03 

b8=5 . 62 67E-05 
bl0=-l . 7531E-04 



45 



50 



55 



(Example 2-4) 

[0427] The present example is an objective lens formed of the plastic material of the reference wavelength of 405 
nm : NA of 0.85, and entrance pupil of 3.00 mm, and the lens data is shown in Table 50. When the first surface is the 
diffractive surface, the axial chromatic aberration and the spherical aberration at the time of the wavelength variation 
of the light source are corrected. Further, although it is the high NA plastic objective lens of 2 groups, the working 
distance is 0.3 mm which is large, and further, because the aberration deterioration at the time of the temperature 
change is suppressed to small thereby, the applicable temperature range can be increased. Further, the objective lens 
of the present example is conducted in such a manner that, as described in the aberration view, the axial chromatic 
aberration is made over corrected, and because the spherical aberration curve of the reference wavelength (405 nm) 
and the spherical aberration curve of the long - short (415 nm, 395 nm) side are crossed, although it is an objective 
lens in which the mode hop phenomenon or the aberration deterioration at the time of the high frequency superimpo- 
sition is small, the minimum value of the ring-shaped diffractive zone interval can be increased to 7.1 urn The optical 
path view of Example 2-4 is shown in Fig. 77 and the spherical aberration view is shown in Fig. 78. 
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10 



15 



[Table 50] 
Example 2-4 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 


oo 


0 . 000 






1 


Obj ect ive 
lens 


2 . 240 


2 .300 


1.52491 


56.5 


2 


5 .440 


0 . 100 






3 


0 . 849 


1 . 100 


L 1 . 52491 


56. 5 


4 


oo 


0 .218 






5 


Trans- 
parent 
substrate 


oo 


0 . 100 


1 .61949 


30.0 


6 


oo 









20 



25 



30 



Aspherical surface coefficient 



Surface No . 1 
K=-3 .4591E-02 
A 4 =-l . 9458E-03 
A 6 =1.4238E-03 
A R =-1. 8833E-03 
A 10 =l . 8744E-04 
A 12 =1.2949E-05 
A 14 =8 . 8928E-05 
A 15 =-3 . 5496E-05 



Surface No. 2 
K=2 . 2057E+01 
A4=l . 0346E-02 
A 6 =-2 . 9696E-02 
A B =-2 . 4668E-02 
A lo = 5.1817E-02 
A i2 =-3 .4330E-02 



Surface No. 3 
K=-7 . 5414E-01 
A 4 =l . 5243E-01 
A 6 =-4 . 6739E-02 
A R =3 .4088E-01 
A 10 =-l . 9156E-01 



Diffraction surface coefficient 

Surface No . 1 
b2=-l . 8997E-02 



40 

(Example 2-5) 

[0428] The present example is an objective lens formed of the plastic material of the reference wavelength of 405 
nm, NA of 0.85 : and entrance pupil of 3.00 mm, and the lens data is shown in Table 51 . When the first surface and the 

45 third surface are formed to the diffractive surfaces, the axial chromatic aberration is corrected. Further although it is 
the high NA plastic objective lens of 2 groups, the working distance is 0.22 mm which is large, and further, because 
the aberration deterioration at the lime of the temperature change is suppressed to small, the applicable temperature 
range can be increased. Further the objective lens of the present example shares the diffracting power onto two 
surfaces, and as described in the aberration view, when the axial chromatic aberration is made over corrected, because 

50 the spherical aberration curve of the reference wavelength (405 nm) and the spherical aberration curve of the long • 
short (415 nm. 395 nm) side are crossed, although it is an objective lens in which the mode hop phenomenon or the 
aberration deterioration at the time of the high frequency superimposition is small, the minimum value of the ring- 
shaped diffractive zone interval can be increased to 11 .0 pjn. The optical path view of Example 2-5 is shown in Fig. 
79 and the spherical aberration view is shown in Fig. 80. 
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[Table 51] 



Example 2-5 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Diaphragm 


oo 


0 . 000 






1 




2 . 118 


2 . 300 


1 .52491 


56.5 


2 


Objective 


5 .289 


0 . 100 






3 


lens 


0.906 


1 . 100 


1 . 52491 


56.5 


4 




oo 


0 .218 






5 


Trans- 


oo 


0 . 100 


1 .61949 


30 . 0 


6 


parent 
substrate 


~ 









Aspherical surface 

Surface No . 1 
K=-5 . 7076E-02 
A4=-2 . 8402E- 03 
A 6 = l . 3466E-03 
A 8 =-2 . 0147E-03 
A 10 =2 . 1181E-04 
Ai 2 =8 . 3926E-06 
A 14 =8 . 5515E-05 
A 15 =-3 . 5052E-05 



coefficient 

Surface No. 2 
K=2 . 0732E+01 
A 4 =l . 3016E-02 
A 6 =-3 . 1410E-02 
A e =-2 . 2514E-02 
A 10 = 4 . 8879E-02 
Ai2=-3 .3164E-02 



Surface No . 3 
K=-6 . 9090E-01 
A4 = l . 3330E-01 
A 6 =-5 . 2403E-03 
A 8 =3 . 0541E-C1 
A 10 =-l . 7753E-01 



Diffraction surface coefficient 

Surface No.l Surface No. 3 

b2=-1.2273E-02 b2=-2 . 1099E-02 



(Example 2-6) 

hltml The P resent sample is a light converging optical system (refer to Fig. 70) including an objective lens and a 

r fl eX P an h er f k 3 SPh6riCal aberrati ° n COrrSCti0n means Which is com P° sed ° f th e posL lens and the negate 
ens and ,n when the negative lens can be moved along the optical axis direction, and a collimator lens for coZat ino 

52 XTX IT ^ T T S ° UrCe the ParaMel and the data of 6ach °P tical el ^ent are shown 

ft , T?^ WaVe ' en9th iS 405 nm ' and the ima 9 e ^de numerical aperture of the objective lens is 0 85 When 

£ 3S?7 * ° PIIC k inf0rmali ° n r6COrdin9 mSdiUm Side ° f lhe P° silive lens °< the b *^ expander is formed * 
the d-ffract.ve surface, the axial chromatic aberration generated in the collimator lens and the beam expanderTs cor 

04301 FuTrT^ T °' STf ^ " 81 and the SbheriCal abe -«° n "*w is shown in Fig 82 

[0430] Further, he result ,n wh.ch the spherical aberration variation generated on each optical surface of the liqht 

ncZ7£! ZTI- t0 tem P eratUre humidi * ch -ge or the variation of the transparent substrate t ic - 

ness of the optical mformat,on recording medium, orthe minute variation of the oscillation wavelength of the light source 

Z°ZTLT n : ' enS IS m ° Ved al ° ng the ° PtiCal 9XiS ' iS Sh0Wn in Table 53 this connec on me beam 

ZnT V , r T **™*.on correction means in the present invention emits the incident parallel light as the 
almost parallel hght, and it may includes at least one optical element which can change the divergent degree he 
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[Table 52] 



Example 2-6 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




14 .318 






1 


Collimate 
lens 


2 0.804 


1.500 


1.524 91 


56.5 




- 12 . 3 54 


d2 
(Varia 
ble) 






3 


Beam 

expander 


-31 . 805 


1 .200 


1 . 52491 


56 . 5 


4 


17 . 383 


d4 
(Varia 
ble) 






5 


21 . 056 


1 . 500 


1 . 52491 


56 . 5 


6 


-42 . 138 


5 .000 






7 


Diaphragm 


oo 


0 . 000 






8 


Obj ective 
lens 


2.240 


2.300 


1.52491 


56.5 


9 


5.440 


0 . 100 






10 


0 . 849 


1 . 100 


1 . 52491 


56 . 5 


11 


oo 


0 .218 






12 


Trans- 
parent 
substrate 


oo 


0 . 100 


1 . 61949 


30 . 0 


13 


oo 









35 



40 



45 



50 
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Aspherical surface 

j 5 Surface No. 2 

| K=3.1152E+00 

i A 4 = -l . 0368E-04 

| A 6 =l. 5747E-04 

10 A 8 = l . 9458E-06 

Surface No . 8 
K=-3 . 4591E-02 
A 4 =-l . 9458E-03 

15 A 6 =l .4238E-03 

A 8 =-l . 8333E-03 
A 10 =l . 8744E-04 
A i2 =l . 2949E-05 

20 Ai 4 =8 . 8928E-05 

Ais=-3 . 5496E-05 



coefficient 

Surface No. 4 
K=l . 3458E+00 
A4=-l . 0500E-05 
A 6 =-4 . 3876E-06 
A 8 =-2 . 2179E-05 

Surface No. 9 
K=2 . 2057E+01 
A 4 =l . 0346E-02 
A € =-2 . 9696S-02 
A 8 =-2 . 4668E-02 
A 10 = 5. 1817E-02 
Ai2=-3 . 4330E-02 



Surface No. 6 

K=-l .3339E+02 
A 4 =4 . 7909E-05 
A 6 =-6.2942E-05 
A 8 =8 . 6896E-06 

Surface No. 10 
K=-7 . 5414E-01 
A 4 =l . 5243E-01 
A 6 =-4 . 6739E-02 
A 8 =3 .4088E-01 
A 10 =-l . 9156E-01 



25 



Diffraction surface coefficient 



Surface No. 6 
b2=-2 . 0917E-03 



Surface No . 8 
b2=-l . 8997E-02 



30 



35 



40 



50 



55 




. | ~.^.m.m u.ui/a 5 948 ARRO 

char 7) ' " Chan96d ^ ^ ^ ° f <he ref raCt - "5 ofL. lens m lT tenal j t R temp 5 e 2 ratur e 

ature^nge^ am ° Um AX=+ °° 5 ™™ " th * wave.ength of the Nght source at the temper- 



(Example 2-7) 

source into the paral.e, light, and the ^^X^^JTT 1 \ C0Wmai ^ the ^gont light from the Ugh, 
* « nm, an, the imaged .JT^ ~T 
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is shown in Fig. 83 and the spherical aberration view is shown in Fig. 84. 

[0432] The result in which the spherical aberration variation generated on each optical surface of the light converging 
optical system due to the temperature humidity change or the variation of the transparent substrate thickness of the 
optical information recording medium, or the minute variation of the oscillation wavelength of the light source is corrected 
5 when the collimator lens is moved along the optical axis, is shown in Table 55. In this connection, in the present example, 
although it is a collimator lens as the spherical aberration correction means, which collimates the divergent light from 
the light source to the parallel light and can be moved along the optical axis direction, it may be a coupling lens which 
changes the divergent light from the light source to almost parallel light. Further, the coupling lens as the spherical 
aberration correction means is not limited to one group composition, but may be a two-group composition. 

10 



15 



20 



25 



30 



35 



40 



45 



50 
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Example 2-7 
[Table 54] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


xjignt 
source 




dO 
(Varia 
ble) 






1 




44 . 970 


1.500 


1.52491 


56.5 






d2 






2 


lens 


-12 . 384 


(Varia 
ble) 






3 
4 


Diaphragm 


oo 


0 . 000 






5 


Objective 
lens 


2 . 953 
5 . 976 


3.000 
0 . 100 


1 . 52491 


56 .5 


6 


1 . Oil 


1 .400 


1.52491 


56 .5 


7 




oo 


0 . 300 






8 


Trans- 


oo 


0 . 100 


1 . 61949 


30 . 0 


9 


parent 
substrate 


oo 









Aspherical surface coefficient 



Surface No . 2 
K=8 . 9215E-01 
A 4 =l . 0356E-04 
A 6 =8 .6930E-06 
A 8 =-7 . 3498E-07 



Surface No . 6 
K=-7 . 5159E-01 
A 4 =8 . 1310E-02 
A 6 =-9 . 9418E-03 
A 8 =7 . 0926E-02 
Ai 0 =-2 . 1891E-02 



Surface No . 4 

K=-6 . 3192E-02 
A4=-7 . 7232E-04 
A 6 =2 . 4200E-04 
A 8 =-4 . 1549E-04 
A 10 =6 . 8221E-05 
A 12 =l . 1138E-06 
A 14 =-l . 7818E-06 
A 16 =-2 . 5842E-07 



Surface No . 5 
K=l . 6899E+01 
A4-5 . 1926E-03 
A 6 =-l . 1963E-02 
A 8 =l. 8176E-04 
Ai 0 =2 . 3778E-03 
Ai2=-1. 8838E-03 
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Diffraction surface coefficient 

Surface No . 4 
b2=-1.3497E-02 
b4=-l . 7632E-04 
b6 = -2 . 9244E-04 
b8=l . 1828E-04 
bl0=-2 . 5259E-05 



[Table 55] 



Factors of spherical aberration variation 


Wave front aberration 


d2 (Variable) 


d4 (Variable) 


Reference condition 


0.003a. 


17.750 


9.000 


(X=405nm,T=25°C,t=0.1mm) 








Wavelength variation of 


AA=+10nm 


o.orm 


17.796 


8.954 


the 










light source 


AA,=-10nm 


0.004a. 


17.715 


9.035 


Temperature 


AT=+30°C 


o.oi ex 


17.949 


8.801 


change 


AT=-30°C 


o.om 


17.560 


9.190 


Transparent substrate 


At=+0.02mm 


0.015a. 


17.041 


9.709 


thickness error 


At=-0.02mm 


0.012a 


18.507 


8.243 


(Note 1) The changed amount AN =-1.2 E-4/°C of the refractive index of 


the lens material at the temperature 


change 










(Note 2) The changed amount Aa=+0.05 nm/°C of the oscillation wavelength of the light source at the temper- 


ature change 











[0433] In this connection, because all the optical element included in the optical systems of Example 2-6 and Example 
2-7 are formed of the plastic material, the mass production is possible at low cost. Further, the optical system in Example 
2-6 and Example 2-7 can correct the spherical aberration generated due to the variation of the transparent substrate 
thickness of the optical information recording medium exceeding ± 0.03 mm. Accordingly, the recording and/or repro- 
ducing of the information onto the multi-layer type optical information recording medium having the structure in which 
a plurality of transparent substrates and the information recording layers are laminated in order from the front surface 
side, can be conducted. 



40 (Example 2-8) 

[0434] The present example is an objective lens formed of the plastic material of the reference wavelength of 405 
nm, NA of 0.85, and entrance pupil of 3.00 mm, and the Ions data is shown in Tabic 56. When the first surface is the 
diffractive surface, the axial chromatic aberration and the spherical aberration at the time of the wavelength variation 

45 of the light source are corrected. Further, although it is the high NA plastic objective lens of 2 groups, the working 
distance is secured as 0.4 mm which is large, and further because the aberration deterioration at the time of the 
temperature change is suppressed to small thereby, the applicable temperature range can be increased. Further, when 
the higher order than fourth order diffractive surface coefficient is used, because the deterioration of the spherical 
aberration at the time of wavelength variation of the light source is suppressed to small, the laser light source whose 

50 oscillation wavelength is deviated from the reference wavelength can be used. The optical path view of Example 2-8 
is shown in Fig. 85, and the spherical aberration view is shown in Fig. 86. 



55 
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[Table 56] 



Example 2-8 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 
1 
2 


Diaphragm 


oo 

2 .612 


0.000 
1.650 


1.52491 


56 . 5 


3 
4 


Obj ective 
lens 


6.233 
0 . 972 

oo 


0 . 100 
1.250 
0.400 


1. 52491 


56.5 


5 


Trans- 
parent 
substrate 


oo 


0 . 100 


1 . 61949 


30 . 0 


6 


oo 









Aspherical surfac 

Surface No . 1 
K=4 . 9548E-01 
A 4 =2 . 9615E-04 
A 6 =-6 . 1487E-04 
A 8 =-3 . 3916E- 03 
Ai 0 = 9. 7337E-04 
Ai2=-1 . 7352E-04 
A 14 = l. 0522E-04 
Ais=-4 .2179E-05 



coefficient 

Surface No . 2 
K=2 . 1137E+01 
A 4 =3 . 4060E-02 
A 6 =-2 . 7432E-02 
A 8 =-2 . 7984E-02 
A 10 =4 . 3468E-02 
A 12 =-1.5425E-02 



Surface No. 3 
K=-9 . 7457E-01 
A 4 =l . 1859E-01 
A 6 =l . 7351E-02 
A 8 =l . 2713E-02 
A 10 =3 . 3984E-02 



Diffraction surface coefficient 

35 

Surface No. 1 
b2=-l . 7999E-02 
b4=-l . 3878E-03 
b6=-3 . 6276E-04 
40 b8 = 4 . 8713E-04 

bl0=-2 . 5245E-04 



45 



50 
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(Example 2-9) 



nm NA Jo as Th P " T ? bJ6C,iVe lenS f0meCi ° f the p,as,ic matenal ° f *e reference wavelength of 405 

?Z'lt ° °- 85 ' i an e " lranCe P U P" of 3 00 mm . «nd the lens data is shown in Table 57. When the second surface is 

o1 the Z T ' 8X191 Chr ° ma,iC abermti0n aPd the Spherical aberrati ° n « ^e time of th wavelengt S 

2££2 izlz "jrrM^r ^ NA r r bjective iens of 2 

ao u.h- nifii wnicn is large, and further, because the aberration deterioration at th~ tir«^ ~f 
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shown in Fig. 87, and the spherical aberration view is shown in Fig. 88. 
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[Table 57] 
Example 2-9 



Surface No . 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Diaphragm 


oo 


0 . 000 






1 


Obj ective 
lens 


2 . 069 


2.400 


1 . 52491 


56 . 5 


2 


3 . 774 


0 . 100 






3 


0 . 850 


1 . 100 


1 . 52491 


56.5 


4 


oo 


0 . 240 






5 


Trans- 
parent 
substrate 


oo 


0 . 100 


1 . 61949 


30 . 0 


6 


oo 









Aspherical surface coefficient 



Surface No . 1 
K=-4 . 1835E-01 
A 4 =-2 . 5761E-03 
A 6 =5 . 6033E-03 
A s = -3 . 8553E-03 
A 10 = 7 . 5555E-04 
A 12 = l . 6210E-04 
A 14 = -1.0048E-04 
A 16 = 8 . 5422E-06 



Surface No. 3 
K=-8 . O523E-01 
A 4 =l . 7492E-01 
A 6 =-7. 0284E-02 
A 8 =3 . 3189E-01 
A 10 =-l . 6330E-01 
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Diffraction surface coefficient 

Surface No. 2 
b2=-3 .2000E-02 
b4=l . 0693E-02 
b6=-2 . 5508E-03 
b8 = -5 . 9761E-03 
blO=1.6710E-03 



[0436] In this connection : in each of Tables and each of drawings, for the expression of the exponent of 1 0, E (or e) 
is used, for example, E-02 is used as (10 2 ). 

[0437] According to the present invention, the objective lens for the recording and/or reproducing of the information 
of the optical information recording medium which is composed of 2 positive lenses and the high NA objective lens, 
and has a small diameter and the working distance is large, and by which the axial chromatic aberration generated 
due to the mode hop phenomenon of the laser light source is effectively corrected, can be provided. 
[0438] Further, the objective lens composed of 2 positive lenses for the recording and/or reproducing of the infor- 
mation of the optical information recording medium which is formed of the plastic material and high NA objective lens, 
and the applicable temperature range is large, and by which the axial chromatic aberration generated due to the mode 
hop phenomenon of the laser light source is effectively corrected, can be provided. 

[0439] Further, the light converging optical system, optical pick-up apparatus and recording • reproducing apparatus, 
by which the variation of the spherical aberration generated on each optical surface of the optical pick-up apparatus 
due to the oscillation wavelength change of the laser light source, temperature • humidity change, or the errors of the 
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issrs^rssiEr" °' ,he op,ic "' in,ora " ,ion record,na m " ,um ' ™ be s ^ * « 

(Examples 3-1 to 3-5) 

He 55 a 'Z i th h e , C ° nd J ti r S EXamP ' e£ 3 " 1 ' 3_2 ' 3 " 3 ' 3 " 4 and 3 " 6 ' and the «ndltlonal expressions are shown 
m Table 55, and each lens data are respectively shown in Tables 59, 60, 61 , 62 and 63. In any example 2 asoheri^ 

C T binSd: 91 the IUmin ° US flUX ° f the wavelength 405 nm, the objective .ens wSoie NA is 0 85 
Tal , R r ^ ° f Wave,en 9 th 655 the objective lens whose NA is 0.65, are obtamed As thown fn 

J Hif \ f SUrfaCe ■ ' he tWrd SUrfaCe are formed 10 the as P h ^ioal surfaces, and hffirst surface s 

ratu^d C wl S ? P ' aS,iC mat9rial ' P ° ly0lefin reSin iS USed ' and its sP^c 9--ty is abou iTc an the 

saturated water absorpt.on ,s not more than 0.01 %, and as the result, the weight can be not higher than a haS of he 
weight of the elective lens composed of 2 glass lenses, and although the NA is 0.85 which te ta« Tci £ about 

shaoL (n r nC J U ff ^ 3 mi :° r fram6) ' FUrthen Wh9n the firSt SUrface is formed t0 th * surface avfng tL ring 

shaped step-d,fference, the chromatic aberration of the objective lens can be finely corrected 9 



Example list 



[Table 58] 



Example 




3-1 


3-2 


3-3 


3-4 


3-5 


Object point position 


(405nm) 


co 


CO 


CO 


oo 


CO 


(655nm) 


infinite 


oo 


infiniteinfinite 


infinite 


infinite 


Spherical aberration correcti 


on correction 


flaring 


perfect correction 


flaring 


flaring 


flaring 


f(mm) 


(405nm) 
(655nm) 


1.765 
1.806 


1.765 
1.802 


1.765 
1.807 


1.765 
1.798 


1.765 
1.816 


NA 


(405nm) 
(655nm) 


0.85 
0.65 


0.85 
0.65 


0.85 
0.65 


0.85 
0.65 


0.85 
0.65 


hf 


1.500 


1.500 


1.500 


1.500 


1.500 


hh 


0.750 


0.750 


0.750 


0.750 


0.750 



Pf 


0.006 


0.002 


0.009 


0.007 


0.012 


Ph 


0.027 


0.021 


0.044 


0.027 


0.113 


IPh/Pf -21 


2.5 


8.5 


2.9 


1.9 


7.4 



f1 


4.46 


4.39 


4.23 


3.31 


5.00 


f2 


1.66 


1.98 


1.73 


2.37 


1.94 


f1/f2 


2.69 


2.22 


2.45 


1.40 


2.58 



r 1 


2.292 


2.191 


2.398 


1.883 


2.479 


r 2 


19.346 


14.494 


-21 .583 


-55.130 


36.391 


(r2+ r 1)/(r2-r1) 


1.27 


1.36 


0.80 


0.93 


1.15 
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[Table 59] 
Example 3-1 

NAIqbj 0.85 floBj = 1.765 Xl = 405nm 



NA2 0£ j 0.65 fgpBj = 1.806 X'2 = 655nm 



lJ UL -L d v C IN V— / . 


Remarks 


v ( mm ^ 

L. \ LULU / 


H I mm "\ 

\JL \ LULU / 




vet 




Light 




d0 

\ VdL 1 au lc j 








Diaphragm 




0 . 000 






1 

(Aspheric 1, 
Diffraction 
surface 1) 


Obj ective 
lens 


2 .292 


1 . 606 


1 . 52491/1 .50641 


56 . 5 


2 

(Aspheric 2) 


19 . 346 


0 . 612 






3 

(Aspheric 3) 


1 . 014 


1 . 100 


1 . 52491/1 . 50641 


56.5 


4 


-3 . 898 


d4 

(Variable) 






5 


Trans - j 

parent 

substrate 


00 


d5 

(Variable) 


1 . 6195/1 . 57654 


30 . 0 


6 


00 









Aspherical surface coefficient 

Surface No.l Surface No. 2 

K=-0. 24607 K= -467. 446435 

A 4 =-8 . 12 8 6x10 ~ 3 A4 = -0 . 576950xl0~ 2 

A 6 =-2 .8072x10 ~ 3 A 6 =-l . 05 31 0x1 0" 2 

A 8 «-l . 4 74 8x1 0" 3 A a = - 0 . 13 277 0x10 ' 2 

A i0 =-2 . 9S70xl0~ 4 Aio=0 . 1 0 90 67x1 0~ 2 



Surface No . 3 
K=-0 . 249022 
A4=-0 . 818609xl0~ 2 
A 6 =-0 . 850912xl0 _1 
A 8 =0 . 213282xl0~ i 
A 10 =-0 . 562502>:10" 



Diffraction surface coefficient 

Surface No.l 
b2=-8 . OOOxlO" 3 
b4=-l . 2367xl0" 3 
b6=-4 . 9877xl0~ 4 
b8=-4 . 9264xl0" 4 
bl0 = l . 6272xl0~ 4 





A.1=405nm 


A2-655nm 


dO (Variable) 


CO 


25.000 


d4 (Variable) 


0.100 


0.600 


d5 (Variable) 


0.319 


0.133 
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[Table 60] 
Example 3-2 



floBj = 1.765 = 4 05nm 



NA2 OBJ 0.65 
Surface No. 


f 2 obj = 2 
Remarks 


. 802 
r (mm) 


\2 — 6 55nrr 








Light 

source 

Diaphracrm 




d (mm) 
do 

(Variable) 




Vd 


J. 

(Aspheric 1 , 
Diffraction 
surface 1) 
2 


Obj ective 
lens 


2 . 191 


0 . 000 
1.514 


1.52491/1.50641 


56 .5 


(Aspheric 2) 
3 


14 .494 


0.332 






(Aspheric 3) 


1.041 


1.100 


1.52491/1. 50641 


56 .5 


4 


oo 


d4 

(Variable) 






5 
6 


Trans- 
parent 


oo 


d5 

(Variable) 


1.6195/1.57654 


30.0 




substrate 


oo 









Aspherical surface 

Surface No.l 
K=-0 . 23074 
A4=-8 . 8938X10" 3 
A 6 =-1.6455xl0~ 3 
A 8 =-2 . 0864X10" 3 
Ai 0 =-3 .4710X10" 4 



coefficient 

Surface No . 2 

K=l . 833506 

A 4 = 0 . 104570x10^ 

A 6 =-0.610124xl0" 2 

A e =-0 . 473274xl0" 2 

A 10 -0 . 208277xl0" 2 



Surface No. 3 
K=-0 .280330 
A4-O . 196148X1CT 1 
A 6 =-0.275545xl0" 1 
A 8 =0 .404679xlO _1 
A 10 =-0 . 640745x:10" 2 



Diffraction surface coefficient 

Surface No.l 
b2 = -8 . OOOxlO" 3 
b4 = -3 .4516X10" 3 
b6=-l .2546X10" 3 
b8 = 2 . 0867xl0' 4 
bl0=-l. 8680xl0" 4 





A,1=405nm 


A.2=655nm 


d0 (Variable) 


00 


CO 
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(continued) 





^1=405nm 


X2=655nm 


d4 (Variable) 


0.100 


0.600 


d5 (Variable) 


0.400 


0.088 



[Table 61] 

10 

Example 3-3 

NAIobj 0.B5 floBj = 1.765 Xl = 405nm 

15 



NA2obj 0.65 f 2obj = 

1.807 \2 = 655nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 


Nxi/Nxa 


vd 




Light 
source 




dO 

(Variable) 








Diaphragm 




0 . 000 






1 

(Aspheric 1, 
Diffraction 
surface 1) 


Ob j ective 
lens 


2 .398 


1 . 988 


1.52491/1 .50641 


56 .5 


2 

(Aspheric 2) 


-21 . 583 


0 .397 






3 

(Aspheric 3) 


1 . 107 


1. 100 


1.52491/1.50641 


56 .5 


4 


-3 .289 


d4 

(Variable) 






5 


Trans - 
parent 
substrate 


oo 


d5 

(Variable) 


1. 6195/1. 57654 


30 . 0 


6 


CO 









40 



45 



50 



55 
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Aspherical surface coefficient 



Surface No.l 
K=-0. 44248 
A 4 =-8.0794xl0" 3 
A 6 =-2 . 9891x1 CT 3 
A 8 =-l . 6060xl0~ 3 
Aio=-9. 5906xl0" 5 



Surface No. 2 
K=- 1542 . 539294 
A 4 =-0. 290011x1 CT 1 
A € =-6 . 1356X10" 3 
A 8 =0 . 199055xl0' 2 
A 10 = 0.238125xl0' 3 



Surface No. 3 
K=-0 .191137 
A 4 =-0.832236xl0' 2 
A 6 =-0 . 997090X10" 1 
A 8 = 0 . 736157X10" 2 
A 10 =-0 . 224644X10" 1 



Diffraction surface coefficient 

15 

Surface No . 1 
b2=-8 . OOOxlO" 3 
b4 = -1.2730xl0" 3 
b6 = -4 .2173X10" 4 
20 b8=-5.7675xl0- 4 
bl0 = 1.7867xl0" 4 





A,"U405nm 


A2=655nm 


dO (Variable) 


oo 


25.000 


d4 (Variable) 


0.100 


0.600 


d5 (Variable) 


0.307 


0.120 



35 



40 



45 



50 
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30 



[Table 62] 
Example 3-4 

NAIobj 0.3 5 

NA2 0B j 0.65 



floBJ = 1.765 
f 2qbj = 1 • 798 



Xl = 4 05nm 
X2 = 655nm 



o ^J- i- i- a <w w in w . 


Remarks 


t~ ^ mm ^ 






VOL 




Light 

bULil v_ tr 




do 

\ Veil 1 dDlc J 








Diaphragm 




0 .000 






1 

(Aspheric 1, 
Diffraction 
surface 1) 


Objeccive 
lens 


1 . 883 


1 .309 


1 . 52491/1 . 50641 


56 . 5 


2 

(Aspheric 2) 


-55 . 130 


0.359 






3 

(Aspheric 3) 


1 . 296 


1 . 049 


1 . 52491/1 . 50641 


56. 5 


4 


-21 . 566 


d4 

(Variable) 






5 


Trans- 
parent 
substrate 


oo 


d5 

(Variable) 


1 . 6195/1 . 57654 


30 . 0 


6 


oo 









35 



40 



Aspherical surface coefficient 
1 



Surface No. 
K=-0 . 37981 



A 6 = - 
A e =- 



3 . 1721x10" 
1 . 7479x10" 



A 10 =-7 .8801x10" 



Surface No . 2 
K= - 4 9 0 8 9 . 66873 
A4 = -0 . 492871x10" 
A 6 =-0 . 905121x10" 
A 8 =-0 . 132381x10 
A 10 =0 . 654215x10' 



-2 



Surface No . 3 
K=-0 . 113585 
A 4 = 0 . 291925X10" 1 
A 6 =-0 . 787386x10 
A 8 = 0 . 484959X1CT 1 
A 10 =0 . 907817x10" 



-l 



45 



50 



Diffraction surface coefficient 

Surface No . 1 
b2 = -8 . OOOxlO" 3 
b4=-1.2409xl0" 3 
b6=-3 . 7079X10" 4 
b8 = -5 . 2757X10" 4 
bl0=l . 7619xl0" 4 



55 





A,1=405nm 


X2=655nm 


60 (Variable) 


oo 


26.779 
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(continued) 





X1=405nm 


A.2=655nm 


d4 (Variable) 


0.100 


0.600 


d5 (Variable) 


0.387 


0.200 



[Table 63] 
Example 3-5 



NAl 0B j 0.85 
NA2 0 3j 0 . 65 


floBj = 1.765 Xl = 405nm 
f2 0 Bj = 1.816 A.2 = 655nin 


Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 




Light 
source 




dO 

(Variable) 








Diaphragm 




0 . 000 






1 

(Aspheric 1 , 
Diffraction 
surface 1) 


Objective 
lens 


2 .479 


1 .360 


1.52491/1.50641 


56 . 5 


2 

{Aspheric 2) 


36 . 391 


0 .494 






3 

(Aspheric 3) 


1 . 020 


1 .083 


1. 52491/1. 50641 


56 . 5 


4 


CO 


d4 

(Variable) 






5 


Trans- 
parent 
substrate 


CO 


d5 

(Variable) 


1 .6195/1.57654 


30 . 0 


6 


©o 









Aspherical surface coefficient 

Surface No. 3 
K=-0 .356004 
A 4 = 0 . 322674X1C" 1 
A 6 =-0 . 374793xl0~ i 
A 8 = 0 . 253643xlO _1 
A 10 =0 . 117646X10" 1 



Surface No.l 
K=-0 . 14947 
A 4 =~B . 1974X10" 3 
A 6 =-l . 3168xl0" 3 
A 8 =-2 . 4204xl0" 3 
A 10 =-2 . 7064X10" 4 



Surface No. 2 
K=-636 . 960794 
A 4 = 0 . 3448750X10" 2 
A 6 =-0 . 819356xl0" 2 
A 8 =-0 -430397xl0" 2 
A 1C =0 . 138561X10" 2 
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Diffraction surface coefficient 

Surface No . 1 
b2=0 . 00 

b4 = -9 . 8787xl0" 4 
b6=-5 .8176X10" 4 
b8=-5 .1035xl0~ 4 
bl0 = l . 9833xl0' 4 



15 





^1=405nm 


A2=655nm 


dO (Variable) 


CO 


32.685 


d4 (Variable) 


0.100 


0.600 


d5 (Variable) 


0.484 


0.309 



20 



25 



30 



35 



[0441] Relating to Example 3-1 , the optical path view in the case of NA 0.85 is shown in Fig. 89, and the spherical 
aberration view is shown in Fig. 91 . and the optical path in the case of NA 0.65 is shown in Fig. 90, and the spherical 
aberration view is shown in Fig. 92. Relating to Example 3-2 : the optical path view in the case of NA 0.85 is shown in 
Fig. 93, and the spherical aberration view is shown in Fig. 95 : and the optical path in the case of NA 0.65 is shown in 
Fig. 94, and the spherical aberration view is shown in Fig. 96. Relating to Example 3-3, the optical path view in the 
case of NA 0.85 is shown in Fig. 97, and the spherical aberration view is shown in Fig. 99, and the optical path in the 
case of NA 0.65 is shown in Fig. 98, and the spherical aberration view is shown in Fig. 100. Relating to Example 3-4, 
the optical path view in the case of NA 0.85 is shown in Fig. 97, and the spherical aberration view is shown in Fig. 1 03, 
and the optical path in the case of NA 0.65 is shown in Fig. 102, and the spherical aberration view is shown in Fig. 
104. Relating to Example 3-5, the optical path view in the case of NA 0.85 is shown in Fig. 105, and the spherical 
aberration view is shown in Fig. 107 ; and the optical path in the case of NA 0.65 is shown in Fig. 106, and the spherical 
aberration view is shown in Fig. 108. As can be seen from each example, in both cases of NA 0.85 and NA 0.65, the 
spherical aberration can be finely corrected, and for both of the optical information recording medium (DVD) whose 
transparent substrate thickness is comparatively thick, under the condition of NA 0.65 and the wavelength 655 nm, 
and the optical information recording medium whose transparent substrate thickness is comparatively thin and which 
has higher density, under the condition of NA 0.85 and the wavelength 405 nm, a good objective lens can be obtained. 



(Examples 3-6 lo 3-1 0) 



40 



45 



50 



[0442] As shown in Table 64, Examples 3-6, 3-7, and 3-8 are light converging optical systems in which an objective 
lens formed of 2 aspherical plastic lenses in which the first surface, second surface, and third surface are formed to 
the aspherical surface, and one surface is formed to a diffractive surface, and a beam expander as aspherical aberration 
correction means arc combined, and Examples 3-9 and 3-10 are light converging optical systems in which an objective 
lens formed of 2 aspherical plastic lenses in which the first surface, second surface, and third surface are formed to 
the aspherical surface, and one surface is formed to a diffractive surface, and a single coupling lens or a coupling lens 
of the structure of 2 elements in 1 group as a spherical aberration correction means are combined. The lens data for 
Examples 3-6 to 3-10 are respectively shown in Tables 65, 66, 67, 68 and 69. Each spherical aberration correction 
means of Examples 3-7, 3-8, and 3-9, is formed of the plastic and the material is polyolefin resin, and its specific gravity 
is about 1 .0, and the saturated water absorption is not larger than 0.01 %. As shown in Table 64, the axial chromatic 
aberration in each light converging optical system satisfies the above conditional expression (22) and is finely corrected. 
[0443] In this connection, in the table of examples 3-1 to 3-10, the diffractive surface is expressed by giving the 
coefficient of the phase function expressed by the Equation 2 in which the step-difference is neglected, and the ring 
band shape of the actual diffractive surface is produced in such a manner that the optical path difference by the step- 
difference between each of ring bands is one time or two times of the wavelength. 



55 
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[Table 64] 



Example list 




Example 




3-6 


3.7 


I 3-8 


3 "9 | 3-10 


Spherical aberation 
correction means 


Mode 


Beam expander 


coupling lens 




Composition 


2 elements in 2 groups 


1 element in 1 group 


2 elements in 1 group 




Material 


Glass 


Plastic 


Plastic 


Glass 


ISfBII Gxm) 


0.11 


0.10 


0.16 


0.14 


0.12 


I67B21 (nm) 


0.09 


0.09 


0.12 


0.08 


0.07 


l5fB1 -NA12|^ 0.25 (nm) 


0.08 


0.07 


0.11 


0.10 


0.09 


ISfB2 -NA22|^ 0.25 (nm) 


0.06 


0.06 


0.09 


0.06 


0.05 
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10 



15 



20 



25 



30 



35 



40 



45 



[Table 65] 
Example 3-6 

NAIobj 0.85 
NA2qbj 0 . 65 



flow = 1.765 
f2 OB j = 1.802 



f 1obj + sa = 1.453 
f Iobj+sa = 1 • 552 



Xl = 405nm 
X2 = 655nm 



Surface No. 


Remarks 


r (mm) 


d (mm) 


Njli/Nx2 


Vd 




Light 
source 










1 


Spherical 
aberat ion 
correc - 
tion 
means 


-20 . 825 


0 . 800 


1 . 80589/1 . 74740 


27 . 5 


2 


22 . 000 


d2 

(Variable) 






3 


106 . 134 


1 . 000 


1. 52972/1 . 51390 


64 . 1 


4 


-9 . 179 


4 .000 








Diaphragm 




0 . 000 






5 

(Aspheric l , 
Diffraction 
surface 1) 


Obj ective 
lens 


2 . 191 


1 . 514 


1 . 52491/1 .50641 


56 . 5 


6 

(Aspheric 2) 


14 .494 


0 . 332 






7 

(Aspheric 3 ) 


1 . 041 


1 . 100 


1 . 52491/1 .50641 


56 .5 


8 


oo 


d8 

(Variable) 






9 


Trans- 
parent 
substrate 


CO 


d9 

(Variable) 


1 . 6195/1 . 57654 


30.0 


10 


oo 









Aspherical surface coefficient 



-3 



Surface No . 5 
K=-0 . 23074 
A4=-8 .8938x10 
A 6 =-l . 6455X10' 3 
A 8 =-2 . 0364xl0~ 3 
A 10 =~3 .4710x10" 



Surface No. 6 
K=l .833506 
A 4 = 0 . 104570X10" 1 
A 6 =-0 . 610124x10" 
A 8 =-0 .473274x10 
A 10 -0 .208277x10" 



-2 



Surface No. 7 
K=-0 .2803 3 0 
A4=0 . 196148X10" 1 
A 6 =-0 . 275545x10° 
A 8 = 0 .404679X10" 1 
A 10 =-0. 640745x10" 



50 



55 



Diffraction surface coefficient 

Surface No. 5 
b2 = -8 . OOOxlO' 3 
b4=-3 .4516xl0~ 3 
b6 = -1.2546xl0" 3 
b8 = 2 . 0867xl0~ 4 
bl0=-l . 8680X10" 4 
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[Table 66] 
Example 3-7 

NAIqbj 0.85 floBj = 1.765 floBj+SA = 1.435 A.1 = 405nm 



NA2 OBJ 0.65 f2 OBJ = 1.802 f2 0B j+sA = 1.53 9 X2 = 655nm 



Surface No. 


Remarks 


/ mm ^ 


r\ ( mm \ 

a. \ mm / 




vd 




Light 
source 










1 

V<*-io£JIiC £ J. v^. X / 


Spherical 
aberation 
correc- 
tion 
means 


-19 . 320 


0 . 800 


1 .66845/1.61439 


24 . 3 


2 

^bpilci J. Z ^ 


14 . 882 


d2 

(Variable) 






3 


oo 


1 . 000 


1 . 52491/1 . 50641 


56 . 5 




- o . 0 4 6 


4.000 








Diaphragm 




0 . 000 






5 

(Aspheric 3, 
Diffraction 
surface 1) 


Objective 
lens 


2 . 191 


1. 514 


1 . 52491/1 . 50641 


56 . 5 


6 

(Aspheric 4) 


14 .494 


0 .332 






7 

(Aspheric 5) 


1 . 041 


1 . 100 


1 . 52491/1 .50641 


56 . 5 


8 


oo 


d8 

(Variable) 






9 


Trans- 
parent 
substrate 


oo 


d9 

(Variable) 


1 . 6195/1 . 57654 


30.0 


10 


oo 









40 
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Aspherical surface coefficient 

5 Surface No . 1 Surface No. 2 Surface No . 5 

K=44. 971394 K=36. 803919 K=-0. 23074 

A 4 = 0 . 212 008x1 0" 2 A 4 =-0 . 2227 01X10" 3 £^=-8 . 8 93 8x1 0" 3 

A 6 =-0 . 73 8326x10 " 4 A 6 = - 0 . 217421x10 " 3 A 6 =-l . 64 55xl0" 3 

A 8 =-0 . 451694x1 0" 3 A 8 = - 0 . 4 1 1 9 0 7x10 " 3 A 8 =-2 . 0 864x1 0" 3 

10 A 10 =-3 .4710X10" 4 

Surface No. 6 Surface No. 7 

K=l . 833 506 K> -0.280330 



15 



20 



25 



30 



Ai = 0 . 104 570x1 0' 1 A 4 = 0 . 196 14 8x1 0" 1 

A 6 =-0 . 6 10124x10 ~ 2 A 6 =-0 . 27 554 5x1 0" 1 



A 8 =-0 .4 73274x10 " 2 A 8 = 0 . 4 04 6 7 9x1 0 _1 

A 10 =0 . 2 082 7 7x10 ~ 2 Ai 0 =-0 . 64 0 74 5x1 0' 2 



Diffraction surface coefficient 

Surface No . 5 
b2=-8 . OOOxlO' 3 
b4 = -3 .4516X10" 3 
b6 = -1.2546xl0~ 3 
b8 = 2 . 0867X10" 4 
b!0=-1.8680xl0~ 4 



35 



40 



45 



50 
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[Table 67] 
Example 3-8 

NAIqbj 0.85 
NA2 0BJ 0 . 65 



Surface No. 



floBj = 1.765 
£2q BJ = i . 806 



Remarks 



r (mm) 



f loBj + sA = 0.597 
f 2oBj+sA = i . 326 



d (mm) 



Al = 4 0 5nm 
A 1 2 == 655nm 



Light 
source 



Diffraction 
surface 1) 



(Diffraction 
surface 2) 



(Aspheric i; 



(Aspheric 2) 



(Aspheric 3, 
Diffraction 
surface 1) 



-8 . 009 



0 .800 



Spherical 
aberation 
correc- 
tion 
means 



1.52491/1.50641 



56 .5 



12 .531 



Diaphragm 



12 .462 



63.117 



Aspheric 4) 



Obj ective 
lens 



2 . 292 



d2 

(Variable) 



1 . 200 



1.52491/1.50641 



3 . 000 
0 . 000 



1 .608 



1.52491/1.50641 



19. 346 



(Aspheric 5) 



10 



Trans- 
parent 
substrate 



1 .014 



■3.898 



0 .612 



1 .100 



d8 

(Variable) 
d9 

(Variable) 



1-52491/1.50641 



56 . 5 



56 . 5 



56.5 



1.6135/1.57654 



30.0 



134 
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Aspherical surface coefficient 

Surface No . 3 Surface No. 4 Surface No. 5 

K=4 . 624628 K=952. 297894 K=-0. 24607 

A 4 = 0 . 31183 7x10 " 3 A 4 =0 . 3 24 6 04x1 0" 3 A 4 =-8 . 12 8 6x1 0~ 3 

A 6 =0 . 151011x1 0' 3 A 6 =0 . 73 2 18 8x1 0" 4 A 6 =-2 . 8 0 72xl0~ 3 

A 8 =0 . 94 0372x1 0" 4 A e =0 . 9 94 5 9 lxl 0" 4 A e =- 1 . 4 74 8x1 0" 3 

A 10 =-2 . 9670xl0" 4 



-i 



Surface No . 6 Surface No . 7 

K=-4 67 . 45 K>- 0 . 24 9 022 

15 A 4 =-0 . 5 7 69 5 0x10 " 2 A 4 =-0 . 8186 0 9x10 " 2 

A 6 =-l . 05 31 0x1 0" 1 A 6 =-0. 85 0912x1 0" 1 

A 8 =-0 . 13 27 7 0x10 ~ 2 A e =0 . 213 2 82X10" 1 

A 10 =0. 1090 67X10' 2 A 10 =-0 . 562502x10 

20 

Diffraction surface coefficient 

Surface No . 1 Surface No. 2 Surface No . 5 

25 b2=-2 . OOOxlO" 3 b2 = -2 . OOOxlO" 3 b2=~ 8 . OOOxlO" 3 

b4=-2 . 28 80X10" 4 b4 = 2 .4 872x10 " 5 b4=-l . 2 3 67x1 0" 3 

b6=-4 . 9877xl0' 4 
b8 = -4 . 9264xl0~ 4 
bl0 = l . 6272X10" 4 

30 



35 



40 



45 



50 



55 
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[Table 68] 
Example 3-9 

NAIqbj 0.85 
NA2 OBJ 0 . 6 5 



Surface No. 



(Diffraction 
surface l) 



(Aspheric l 



(Aspheric 2, 
Diffraction 
surface 2) 



f Iobj = 1 . 765 
f2o BJ = 1. 816 



Remarks 
Light ~ 
source 
Spherical 
aberation 
correc- 
tion 
means 



r (mm) 



Diaphragm 



(Aspheric 3 ) 



(Aspheric 4 ) 



Obj ective 
lens 



Trans - 
parent 
substrate 



-5 . 008 



2 .479 



36 .391 



1 . 020 



floBj+sA = 6.428 Xl = 405nm 

f2pBj +SA = -11.725 \2 = 6 55nm 



d (mm) 



dO 

(Variable) 



1.000 



d2 

(Variable) 



0 . 000 



1.360 



0 .494 



1 . 083 



d6 

Variable) 



d7 

.(Variable) 



1.52491/1.50641 



vd 



56.5 



1.52491/1.50641 



1.52491/1.50641 



56.5 



1- 5195/1 .57654 



56.5 



30 . 0 



40 



45 



50 



55 
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Aspherical surface coefficient 



10 



Surface No . 2 
K=0 . 189894 
A 4 = 0 . 219134xl0" 3 
A 6 =-0 . 730077x10" 
A 8 = 0 . 578869X10" 3 



Surface No . 3 
K=-0 . 14947 
A4 = -8 . 1974X10" 3 
A 6 =-l . 3168xl0' 3 
A 8 =-2 . 4204X10" 3 
Aio=-2 .7064x10 



-4 



Surface No . 4 
K=-636 . 960794 
A4 = 0 . 3448750xl0" 2 
A 6 =-0 . 819356xl0" 2 
A 8 =-0 .430397X10" 2 
Ai 0 =0 . 138561xl0~ 2 



Surface No. 5 
K=-0 . 356004 
T5 A4 = 0 . 322674X10" 1 

A 6 =-0 .374793x10° 
A 8 = 0 . 253643X10" 1 
A 10 =-0 . 117646x10" 



20 



25 



30 



35 



40 



45 



50 



Diffraction surface coefficient 



-2 



Surface No . 1 
b2=-2 . 0000x10 
b4 = 6 . 1463xl0" 4 
b6 = 6 . 8341xl0" 4 
b8 = -6 . 5716xl0" 4 
bl0 = 6 . 3514X10" 5 



Surface No . 3 
b2=0 . 00 

b4 = -9 . 8787xl0~ 4 
b6 = -5 . 8176X10" 4 
b8 = -5 . 1035X10" 4 
bl0 = l. 9833X10" 4 



55 
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[Table 69] 
Example 3-10 



NAIobj 0.85 flosj = 1.765 floBj+s* = 3.329 Xl = 405nm 

NA2 0B j 0.65 f2 OBJ = 1.816 f2 OB ^sA f 9-419 \2 = 655nm 



Surface No. 


Remarks 


r (mm) 


d(mm) 


Njli/Nx2 


vd 




Light 
source 




dO 

(Variable) 






1 


Spherical 
aberation 
correc- 
tion 
means 


-99 . 296 


1 . 000 


1 . 91409/1 . 83665 


23 .8 


2 


3 .423 


2 . 100 


1.71548/1.68962 


53 .2 


3 

(Aspheric 1) 


-4 . 319 


d3 

(Variable) 








Diaphragm 




0 . 000 






4 

(Aspheric 2, 
Diffraction 
surface 1) 


Obj ective 
lens 


2 .479 


1.360 


1.52491/1.50641 


56.5 


5 

(Aspheric 3) 


36.391 


0 .494 






6 

(Aspheric 4) 


1.020 


1. 083 


1. 52491/1 . 50641 


56 .5 


7 


CX5 


d7 

(Variable) 






8 


Trans- 
parent 
substrate 


CO 


d8 

(Variable) 


1 . 6195/1 . 57654 


30 . 0 


9 


CO 









35 



40 



45 



50 
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Aspherical surface coefficient 

5 Surface No. 3 Surface No. 4 Surface No . 5 

K=0 .174134 K=-0 . 14 94 7 K= -636. 9607 94 

A 4 = - 0 . 8 34 473x1 0" 4 A 4 =-8 . 1974x1 0" 3 A 4 = 0 . 3 44 875 0x1 0" 2 

A 6 =-0 . 928688x1 0" 4 A 6 =-l . 3168x10° A 6 = - 0 . 8 19 3 5 6x1 0 ~ 2 

w A 8 = 0 . 34 2 8 77x10 ~ 9 A 8 = - 2 . 4 2 04x1 0 " 3 A 8 = - 0 . 4 3 03 9 7x1 0 ~ 2 

Ai 0 =-2 . 7 064x1 0" 4 A 10 = 0 . 13 85 6 1x1 0" 2 

Surface No . 6 
K=-0 .356004 
,5 A 4 = 0 . 322674X10" 1 

A 6 =-0.374793xlO _1 
A 8 =0 .253643X10" 1 
A 10 =-0. 117646X10" 1 



20 



Diffraction surface coefficient 

Surface No . 4 
25 b2=0.00 

b4=-9. 8787xl0" 4 
b6 = -5 . 8176xl0" 4 
b8 = -5 . 1035xl0' 4 
bl0 = l . 9833xl0" 4 

30 

[0444] Relating to Example 3-6, the optical path view in the case of NA 0.85 is shown in Fig. 109, and the spherical 
aberration view is shown in Fig. 111 , and the optical path in the case of NA 0.65 is shown in Fig. 110, and the spherical 
aberration view is shown in Fig. 106. Relating to Example 3-7, the optical path view in the case of NA 0.85 is shown 

35 in Fig. 113, and the spherical aberration view is shown in Fig. 115, and the optical path in the case of NA 0.65 is shown 
in Fig. 114, and the spherical aberration view is shown in Fig. 116. Relating to Example 3-8, the optical path view in 
the case of NA 0.85 is shown in Fig. 117, and the spherical aberration view is shown in Fig. 119, and the optical path 
in the case of NA 0.65 is shown in Fig. 118, and the spherical aberration view is shown in Fig. 120. Relating to Example 
3-9, the optical path view in the case of NA 0.85 is shown in Fig. 121 , and the spherical aberration view is shown in 

40 Fig. 123, and the optical path in the case of NA 0.65 is shown in Fig. 122, and the spherical aberration view is shown 
in Fig. 124. Further, relating to Example 3-10, the optical path view in the case of NA 0.85 is shown in Fig. 125, and 
the spherical aberration view is shown in Fig. 127, and the optical path view in the case of NA 0.65 is shown in Fig. 
126, and the spherical aberration view is shown in Fig. 128. As can be seen from each example, in both cases of NA 
0.85 and NA 0.65, the spherical aberration can be finely corrected, and for both of the optical information recording 

45 medium (DVD) whose transparent substrate thickness is comparatively thick, under the condition of NA 0.65 and the 
wavelength 655 nm, and the optical information recording medium whose transparent substrate thickness is compar- 
atively thin and which has higher density, under the condition of NA 0.85 and the wavelength 405 nm, a good light 
converging optical system can be obtained. 

[0445] Further, in examples 3-6, 3-7, and 3-8, when the interval between the positive lens and the negative lens of 
50 the beam expander is movable, the variation of the spherical aberration is corrected, and in examples 3-9 and 3-1 0, 
when the interval between the coupling lens and the objective lens, the variation of the spherical aberration is corrected. 
In each of examples 3-6 to 3-10, the results in which the variation of the spherical aberration generated in the optical 
system due to various causes is corrected as described above, are shown in Tables 70, 71 , 72, 73, and 74. As can be 
seen from each table, in the light converging optical system of the present example, the spherical aberration generated 
55 due to the wavelength variation of the laser light source (LD) , temperature change, and error of the transparent substrate 
thickness, can be finely corrected. 
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[Table 70] 



Example 3-6 


Factors of spherical aberration variation 


Wflwp front phprrAtinn 

after correction 


u^i ^vciriduie^ 


uo (vartaote) 


ay (variable) 


Reference condition 
(X1=405nm ; T=25°C ; t1 =0.1 00mm) 


0.007X 


2.000 


0.400 


0.100 


Wavelength variation 
of LD 


A/U+1 Onm 


0.027^ 


2.575 


0.394 


0.100 


AA=-1 Onm 


0.028X 


1.556 


0.405 


0.100 


Temperature change 


AT=+30°C 


0.028>l 


f 2175 


0.405 


0.100 


AT=-30°C 


0.022A. 


1.859 


0.395 


0.100 


Transparent substrate 
thickness error 


At =4-0. 02mm 


0.007^ 


1.323 


0.396 


0.120 


At=-0.02mm 


0.010X 


2.783 


0.403 


0.080 



25 



30 



Factors of spherical aberration variation 


Wave front aberration 
after correction 


d2 (Variable) 


d8 (Variable) 


d9 (Variable) 


Reference condition 
(?,2=655nm : T=25°C ; t2=0. 600mm) 


0.002X 


1.448 


0.088 


0.600 


Wavelength variation 
of LD 


AA=+1 Onm 


0.008X 


2574 


0.075 


0.600 


AX=-10nm 


0.012X 


0.407 


0.102 


0.600 


Temperature change 


AT=+30°C 


0.005?l 


3.108 


0.076 


0.600 


AT--30°C 


0.009>t 


0.051 


0.099 


0.600 


Transparent substrate 
thickness error 


At=+0.02mm 


0.012X 


0.496 


0.087 


0.620 


At=-0.02mm 


0.004X 


2.457 


0.090 


0.580 



[Table 71] 



Example 3-7 


Factors of spherical aberration variation 


Wave front aberration 
after correction 


d2 (Variable) 


d8 (Variable) 


d9 (Variable) 


Reference con 
(A1=405nm, T=25°C, 1 


dition 

:1=0. 100mm) 


0.006X. 


2.000 


0.400 


0.100 


Wavelength variation 
of LD 


A^=+1 Onm 


0.026X 


2.532 


0.394 


0.100 


AX=-1 Onm 


0.030^ 


1.592 


0.405 


0.100 


Temperature change 


AT=+30°C 


0.027X 


2.174 


0.405 


0.100 


AT=-30°C 


0.018* 


1.863 


0.395 


0.100 


Transparent substrate 
thickness error 


At=+0.02mm 


0.007X. 


1.377 


0.396 


0.120 


At=-0.02mm 


o.om 


2.725 


0.403 


0.080 



Factors of spherical aberration variation 


Wave front aberration 
after correction 


d2 (Variable) 


d8 (Variable) 


d9 (Variable) 


Reference condition 
(X2=655nm, T=25°C, t2=0. 600mm) 


0.002* 


1.436 


0.088 


0.600 



MSDOCID: <EP 1 19971 7A2J_> 



140 



EP 1 199 717 A2 

(continued) 



5 



10 



20 



30 



Factors of spherical aberration variation 


Wave front aberration 
after r^nrrpptinn 


d2 (Variable) 


d8 (Variable) 


d9 (Variable) 


Wavelength variation 
of LD 


AX=-i 1 0nm 


0.007k 


2.491 


0.075 


0.600 


AA=-t0nm 


0.009X 


0.482 


0.102 


0.600 


Temperature change 


AT=+30°C 


0.008k 


3.015 


0.076 


0.600 


AT=-30°C 


0.009k 


0.179 


0.099 


0.600 


Transparent substrate 
thickness error 


At=+0.02mm 


0.006). 


0.568 


0.087 


0.620 


At=-0.02mm 


0.004k 


2.383 


0.089 


0.580 


[Table 72] 


Example 3-8 


Factors of spherical aberration variation 


Wave front aberration 
after correction 


d2 (Variable) 


d8 (Variable) 


d9 (Variable) 


Reference condition 
(^1=405nm s T=25°C, t1 =0.1 00mm) 


0.005k 


19.310 


0.319 


0.100 


Wavelength variation 
of LD 


AX=+10nm 


0.033k 


19.661 


0.319 


0.100 


AA=-1 Onm 


0.034k 


18.998 


0.319 


0.100 


Temperature change 


AT=+30°C 


0.052k 


18.821 


0.328 


0.100 


AT=-30°C 


0.053k 


19.689 


0.311 


0.100 


Transparent substrate 
thickness error 


At=-4-0.02mm 


0.010k 


16.835 


0.316 


0.120 


A t=- 0.02mm 


0.005k 


22.219 


0.322 


0.080 



40 



Factors of spherical aberration variation 


Wave front aberration 
after correction 


d2 (Variable) 


d8 (Variable) 


d9 (Variable) 


Reference condition 
(k2=655nm ; T=25°C, t2=0. 600mm) 


0.005k 


1.396 


0.133 


0.600 


Wavelength variation 
of LD 


Ak=+10nm 


0.005*. 


1.636 


0.129 


0.600 


Ak=-10nm 


0.005k 


1.166 


0.137 


0.600 


Temperature change 


AT-+30°C 


0.005k 


1.800 


0.133 


0.600 


AT=-30°C 


0.005k 


1.029 


0.133 


0.600 


Transparent substrate 
thickness error 


At=+0.02mm 


0.005k 


0.841 


0.129 


0.620 


At=-0.02mm 


0.004k 


1.997 


0.137 


0.580 



[Table 73] 



Example 3-9 


Factors of spherical aberration 
variation 


Wave front 
aberration after 
correction 


dO (Variable) 


d2 (Variable) 


d6 (Variable) 


d7 (Variable) 


Reference condition 
(k1=405nm, T=25°C J 
11 =0.1 00mm) 


0.008k 


6.555 


5.445 


0.484 


0.100 
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[Tabic 73] (continued) 



Example 3-9 


Factors of spN 
vari 


srical aberration 
ation 


Wave front 
aberration after 
correction 


d0 (Variable) 


d2 (Variable) 


d6 (Variable) 


d7 (Variable) 


Wavelength 
variation of LD 


AX^=+1 Onm 


0.037>. 


6.583 


5.417 


0.483 


0.100 


A>^=-1 Onm 


0.032X 


6.534 


5.466 


0.484 


0.100 


Temperature 
change 


AT=+30°C 


0.035X 


6.556 


5.444 


0 4Q4 


U. I UU 


AT=-30°C 


0.029^ 


6.551 


5.449 


0.474 


0.100 


Transparent 
substrate 
thickness error 


At=+0.02mm 


0.012X 


6.408 


5.592 


0.481 


0.120 


At=-0.02mm 


0.02U 


6.712 


5.289 


0.486 


0.080 










Factors of spherical aberration 
variation 


Wave front 
aberration after 
correction 


dO (Variable) 


d2 (Variable) 


d6 (Variable) 


d7 (Variable) 


Reference 
(A2=655nrr 
t2=0.6C 


condition 
, T=25°C, 
0mm) 


0.007X 


4.543 


7457 


0.309 


0.600 


Wavelength 
variation of LD 


AX=+1 Onm 


0.007X 


4.579 


7.421 


0.305 


0.600 


A)i=-1 Onm 


0.007X 


4.513 


7.487 


0.305 


0.600 


Temperature 
change 


AT=+30°C 


0.007^ 


4.546 


7.454 


0.306 


0.600 


AT=-30°C 


0.007}. 


4.549 


7.451 


0.312 


0.600 


Transparent 
substrate 
thickness error 


At=+0.02mm 


0.007}. 


4.452 


7.548 


0.303 


0.620 


At=-0.02mm 


0.007>l 


4.639 


7.361 


0.314 


0.580 


[Table 74] 




Example 3-10 




Factors of spherical aberration 
variation 


Wave front 
aberration after 
correction 


dO (Variable) 


d3 (Variable) 


d7 (Variable) 


d8 (Variable) 


Reference < 
(A1=405nm, 

n=o.ioc 


condition 
T=25°C, 
)mm) 


0.008?l 


6.528 


5.472 


0.484 


0.100 


Wavelength 
variation of LD 


AX=+ 1 Onm 


0.052?i 


6.559 


5.441 


0.483 


0.100 




AX=-1 Onm 


0050X 


6.509 


5.491 


0.484 


0.100 


Temperature 
change 


AT=+30°C 


0.039X 


6.466 


5.534 


0.494 


0.100 




AT=-30°C 


0.036X 


6.584 


5.416 


0.474 


0.100 


Transparent 
substrate 


At=+0.02mm 


0.020X 


6.290 


5.710 


0.481 


0.120 


thickness error 


At=-0.02mm 


0.030A. 


6.787 


5.213 


0.486 


0.080 



40 



50 



55 
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10 



Factors of spherical aberration 
variation 


Wave front 
aberration after 
correction 


dO (Variable) 


d3 (Variable) 


d7 (Variable) 


d8 (Variable) 


Reference condition 
(A.2=655nm ! T=25°C, 
t2=0. 600mm) 


0.007a 


4.069 


7.931 


0.309 


0.600 


Wavelength 
variation of LD 


Aa=+1 Onm 


U.UU/ A 


£ *. 1 / u 


~7 pQn 


o Qnc 
u.ouo 


U.DUU 


Aa^-1 Onm 


0 007a 


3.982 


8.018 


0.312 


0.600 


Temperature 
change 


AT=+30°C 


0.007a 


4.231 


7.769 


0.310 


0.600 


AT=-30°C 


0.007a 


3.921 


8.079 


0.307 


0.600 


Transparent 
substrate 
thickness error 


At-+0.02mm 


0.007a 


3.912 


8. 088 


0.303 


0.620 


At=-0.02mm 


0.007a 


4.241 


7.759 


0.313 


0.580 



[0446] Next, the optical pick-up apparatus as an embodiment of the present invention will be described referring to 
20 Fig. 129. 

[0447] The optical pick-up apparatus in Fig. 129 has: an objective lens 3 of the structure 2 elements in 2 groups in 
which the plastic lenses 3a and 3b according to the present invention are integrally held by a holding member 3c; the 
first semiconductor laser 11 which is the first light source for the first optical disk 23 whose transparent substrate is 
thick and which has the comparatively lower density and has comparatively large wavelength; and the second semi- 

25 conductor laser 12 which is the second light source for the second optical disk 24 whose transparent substrate is thin 
and which has comparatively larger density, and has comparatively short wavelength; a beam expander 1 composed 
of the positive lens 4 and the negative lens 5 which diverge the luminous flux from the first light source 11 and the 
second light source 12 toward the objective lens 3 and change its divergent angle; the first optical detector 41 to receive 
the reflected light from the first optical disk 23; and the second optical detector 42 to receive the reflected light from 

30 the second optical disk 24 through a hologram 17. The objective lens 3 forms the spot and converges the luminous 
flux from the beam expander 1 for the recording or reproducing onto the information recording surface of the first or 
the second optical disks 23 or 24 which are optical information recording media. 

[0448] The optical pick-up apparatus shown in Fig. 129 is further provide with: an aperture 8 placed before the 
objective lens 3: a beam splitter 62 which separates the reflected light from the second optical disk 24 toward the. 

35 second optical detector 42: a 1/4 wavelength plate 72 and a focusing lens 22 arranged between the beam splitter 62 
and the second optical detector 42; a beam splitter 61 which separates the reflected light from the first optical disk 23 
toward the first optical detector 41 ; lenses 9 and 16 arranged between the beam splitter 61 and the second optical 
detector 41; a 1/4 wavelength plate 71 and a collimator lens 21 arranged between the beam splitters 61 and 62; a lens 
15 arranged between the first light source 11 and the beam splitter 61 ; a 2-axis actuator 6 to drive the objective lens 

40 3 for focus tracking as the first drive apparatus; and a 1axis actuator 7 as the second drive apparatus to move the 
negative lens 5 of the beam expander 1 for the correction of the spherical aberration of the light converging optical 
system. That is, in the present embodiment, the light converging optical system has the beam expander, beam splitter, 
objective lens, and aperture. In this connection, in the present embodiment, it may also be regarded that the beam 
splitter is not included in the light converging optical system. 

45 [0449] As described above, according to the optical pick-up apparatus of the present invention. Ihe luminous flux 
from the first light source 11 is converged on the information pit of the first optical disk 23 of the comparatively lower 
density by the objective lens 3 through the beam expander 1 , and when the reflected light modulated thereby is received 
by the first optical detector 41 in the reversal path, the reproduction can be conducted. Further, the luminous flux from 
the second light source 1 2 is converged on the information pit of the second optical disk 24 of the comparatively higher 

so density by the objective lens 3 through the beam expander 1 , and when the reflected light modulated thereby is received 
by the second optical detector 42 in the reversal path, the reproduction can be conducted. Further, in the same manner, 
the recording can be conducted on the first or the second optical disk. 

[0450] In the case of the recording and reproducing, when the negative lens 4 of the beam expander 1 is moved to 
the optical axis direction by the 1-axis actuator 7, and the interval to the positive lens 5 is changed, the spherical 
55 aberration can be corrected while the divergent angle of the luminous flux is being changed. In this manner, for a 
plurality kinds of optical disks whose transparent substrate thickness is different and recording density is different, 
while the variation of the spherical aberration generated due to various causes is cancelled, the recording or reproducing 
can be finely conducted. 
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duced in the optical pick-up apparatus shown n S 1 r ♦ comparat.vely lower density, is repro- 

the comparatively J^SS^^S^^^, ^ semiconductor laser 1 1 1 (the first light source) with 
the laser/detector integration Zl aZ u. Unitlzedw,th the first °P t,cal ^tector 301 and the hologram 231 in 
through the hoi g am 23 an tra smTs t touaTZ^ "J""* ^ ^ *« semicon ^,or laser 111 transmits 
collimator 130. and blorne ^SelSlnSlE: ^ ' 9 ° 38 ° PtiCa ' com P° siti °n means, and the 

lens 160, converged ontoThe * foTa io TT^ * ^ 

disk. The objective lens 160 th« o n m „r, o, Surrace 210 tnrou 9h the transparent substrate of the first optical 
he.d by the holding membe^ i 63 9 ' "*" C ° mp ° S,t,0n in which lenses 1 61 and 1 62 are integrally 

f""^^^ :*«: * and - «- information recording surface 

and diffracted £ Jhoteg^^nd^^ ^X^STIS Si! " T V T" 1 ^ 
out signal of the information recorded in the first optical disk Z I be obSd ' ' ^ US ' n9 ° UtPUt thS rSadin9 

c^l;^^^ 

tracking aimensional actuator 1 50, the objective lens 1 60 is moved for the focusing and 

short osci.lat.on wavelength! ^11^?^ V* (lhe SeCOnd ' ighl S ° UrCe) Wi,h the ^paratively 
integration unit 420 and the lum nous^x ^f^H ? ° ? T ^ 3 ° 2 ^ ^ h ° l0gram 232 in the '^/detector 
hologram 232, and is rlcte on th beam sp " e IsOa LToT | 8WniCOn ? uc,or laSer 112 »™n»- through the 
collimator 130, and becomes the o^TJnZ^n a T V c ° m P°*.t,on means, and transmits through the 

it is converged onto ^^^S^^^^T *" ^ """" 0bjeCtiVe ,en8 16 °' 

[0455] Then, the luminous flux J^T^ltZ^TT '^^TTu °' th ° SGC ° nd ° ptical disk 

Sol a: iizz^ss c ?r r r mi <- 302 ^* »■ •» ■*» 

is moved alooa Iho ooSffl SI ^ , ! * ""' ■ cc "*'!! ««otion, »hen the oollta.lor V30 

axis direction chanqes the diveroent anni<= of th c i„ m L„ « r " nner - tne collimator 130 movable along the optical 
transparent substrate thtek^e35,rS^, *k °° ^ 1 6 ° corres P° n *ng to the 

variation of the spherical aberratfon Generated i^lhf 88 reC ° rding densit * while the 

cancelled, «he recording or rSCS ZTySToZ^ ^ ^ *» '° Wto *« ^ * being 

the spherical abe™ nn "IZ'Z* ^ th ' CknesS ' and which «" effectively correct the variation of 

apparatus due to the osc^atTon ^wave.ength cCnae'of S til "rT C ° nV6r9in9 ° PtiCa ' SyStem and ° ptical P ick " u P 
error of the thickness of the transZem substrltc of the r T temperature " humidit V change, or the 

can be provided. Further, it has theTn ^^S^^^^T^ 0 " rGCOrdin9 mGdiUm ' by * ^ SUUCtUre > 
of kinds of optica, information reco Z Q ^!^ g 1^I^L rd,n9 " can be ducted on a piurality 
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[0462] In the optical pick-up apparatus shown in Fig 131 , the light converging optical system has: a semiconductor 
laser 3 as the light source; a coupling lens 2, to change the divergent angle of the divergent light emitted from the light 
source 3 : (which is composed of 2 lens group, that is, lens elements 2a and 2b, and the lens element 2a has the positive 
refractive power, and the lens element 2b has the negative refractive power. In the following embodiments, it is the 
5 same); an objective lens 1 to converge the luminous flux from the coupling lens 2 onto the information recording surface 
5 of the optical information recording medium; and a detector 4 to light-receive the reflected light from the information 
recording surface 5 of the optical information recording medium. The coupling lens 2 and the objective lens 1 structure 
the light converging optical system. 

[0463] The optical pick-up apparatus shown in Fig. 131 is further provided with: a beam splitter 6 to separate the 
10 reflected light from the information recording surface 5 toward the detector 4: a 1/4 wavelength plate 7 located between 
the coupling lens 2 and the objective lens 1 ; an aperture 8 placed before the objective lens 8; a cylindrical lens 9; and 
an actuator for focusing • tracking (the first drive apparatus : it is the same as in the following embodiments)10. 
[0464] Further the objective lens 1 has a flange portion 1a having the surface extending perpendicular to the optical 
axis on its outer periphery. By this flange portion 1a, the objective lens 1 is accurately attached to the optical pick-up 
15 apparatus. Further the objective lens 1 can be moved to the optical direction for the focusing, and to the perpendicular 
direction with the optical axis for the tracking, by the 2-axis actuator 10. 

[0465] The coupling lens 2 may be a collimator lens to convert the incident luminous flux to almost parallel luminous 
flux to the optical axis. In the present embodiment, in order to suppress the variation of the spherical aberration gen- 
erated on each optical surface of the optical pick-up apparatus due to the oscillation wavelength change of the serni- 
20 conductor laser 3 ; temperature - humidity change, or the error of the thickness of the transparent substrate of the optical 
information recording medium, the lens element 2a of the coupling lens 2 can be moved to its optical axis direction by 
the actuator (the second drive apparatus: it is the same as in the following embodiments) 11 . 

(Example) 

25 

[0466] Next, the example 4-1 of the light converging optical system which is applicable to the present embodiment 
will be described. In the example 4-1 and other examples, the wavelength of the light source of the semiconductor 
laser 3 is 405 nm, and the numerical aperture of the objective lens 1 is 0.85. The aspherical surface in the example. 
4-1 is expressed by the Equation 1 . 
30 [0467] On the one hand, the diffractive surface is expressed by the optical path difference function <£>b of the Equation 
2. 

[0468] Lens data of the light converging optical system of the example 4-1 is shown in Table 75. Further, the schematic 
sectional view of the light converging optical system of the present example is shown in Fig. 132, and the spherical 
aberration view is shown in Fig. 133. In the present example, by the action of the diffractive structure provided on the 
35 first surface and the third surface of the coupling lens of the structure of 2 elements in 2 groups, the axial chromatic 
aberration generated in the light converging optical system is corrected. Further, as shown in Table 76, by changing 
the interval between the lens elements 2a and 2b of the coupling lens 2, the spherical aberration generated in the light 
converging optical system due to the wavelength variation of the laser light source 3, temperature change, or the error 
of the thickness of the transparent substrate, can be corrected. 
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[Table 75] 
Example 4-1 
X 4 05nm NA 0.85 



Surface No. 



Remarks 



Light 
source 



coupling 
lens 



Diaphragm 



r (mm) 



-41 . 291 



-40.155 



d (mm) 



9 . 524 



1 .200 



d2 

(Variable) 



1 .200 



Obj ective 
lens 



Transparent 
substrate 



1 . 194 



-0 . 975 



d4 

(Variable) 



0 . 000 



2 . 650 



1.52491 



1 . 52491 



Vd 



56.5 



0 .355 



0 . 100 



1 . 52491 



1 . 61949 



56.5 



56.5 



30 . 0 



Aspherical surface coefficient 



Surface No. 2 
K=-6 . 0700E+02 
A 4 =2 . 1101E-04 
A 6 =6 . 3636E-04 
A e =-1 . 5044E-04 



Surface No. 4 
K=-5 .4018E+02 
A 4 = 7 . 6477E-04 
A 6 =-6 . 5149E-05 
A 8 =4 . 6581E-05 
A i0 = -4 . 8124E-06 



Surface No . 7 
K=-2 . 1704E+01 
A 4 = 3 . 0802E-01 
A 6 =-6 .3950E-01 
A 8 =5 . 8536E-01 
Ai 0 =-2 . 1562E-01 
A 12 =-2 . 5227E-04 



Surface No. 6 
K=-6 . 8335E-01 
A 4 =l .6203E-02 
A 6 = l . 5491E-03 
A 8 =2 . 8929E- 03 
A i0 =-3 . 6771E- 04 
A 12 =-3 . 5822E- 04 
A 14 = l . 4842E-04 
A i6 = l . 1960E-04 
A X8 ="3 . 0230E- 05 
A 20 =-l . 1052E- 05 
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Diffraction surface coefficient 

Surface No.l Surface No . 3 

b2=-2 . 412 6E-02 b2=-l . 122 8E-02 

b4 = -8 . 775 3E-04 b4 = - 8 . 615 0E-04 



10 

LTable 76 J 



Example 4-1 


Factors of spherical aberration variation 


Wave front aberration 


d2 (Variable) 


d4 (Variable) 


Reference condition 
(X=405nm, T=25°C, t=0.1mm) 


0.004*. 


4.000 


6.000 


Wavelength variation of the 
light source 


AA,=+10nm 
AA.=-1 Onm 


0.005k 
0.010A. 


2.545 
5.616 


7.455 
4.384 


Temperature 
change 


AT=+30°C 
AT=-30°C 


0.01 OX 
0.01 BX 


2.279 
6.064 


7.721 
3.906 


Transparent substrate 
thickness error 


At=+0.02mm 
At=-0.02mm 


0.008k 
0.007k 


1.551 
7.126 


8.449 
2.874 


(Note) The changed amount A^=+0. 05 nm/°Cof the oscillation wavelength of the light source at the temperature 
change 



[0469] In this connection, in the present specification (including the lens data in Tables), the exponent of 10 (for 
example, 2.5 x 10 -3 ) is expressed by using E (for example, 2.5 x E -3). 

30 [0470] Next, the light converging optical system of the second example which is usable for the optical pick-up appa- 
ratus shown in Fig. 145 (described after) will be described. Initially, the lens data of the light converging optical system 
of the present example is shown in Table 77. Further, the schematic sectional view of the light converging optical system 
of the present example is shown in Fig. 134, and the spherical aberration view is shown in Fig. 135. In the present 
example, by the action of the diffractive structure provided on the third surface of the coupling lens of the structure of 

35 2 elements in 2 groups, and the first surface of the objective lens of the structure of 1 element in 1 group, the axial 
chromatic aberration generated in the light converging optical system is corrected. Further as shown in Table 78, by 
changing the interval between the lens elements 2a and 2b of the coupling lens 2, the spherical aberration generated 
in the light converging optical system due to the wavelength variation of the laser light source 3, temperature change, 
or the error of the thickness of the transparent substrate, can be corrected. Further, when the divergent luminous flux 

40 enters into the objective lens 1 , as compared to the case where the parallel luminous flux passing through the aperture 
of the same diameter enters, the light beam passage height of the surface of the light source side of the objective lens 
1 is increased. In orer to suppress the generation of the flare component by the higher order aspherical surface at the 
time, in the present example, the aperture to regulate the luminous flux is arranged on the optical information recording 
medium side from the apex of the surface of the light source side of the objective lens 1 . Example 4-2 
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[Table 77] 

X 405nm NA 0:85 



Oil "V~ 'f" "Z> "NT _ 


Remarks 


r (mm) 


d (mm) 




Vd 


u 


Light 
source 




(Variable) 






1 




-18 . 828 


0 . 800 


1. 52491 


56 . 5 


2 


coupling 
lens 


16 .312 


d2 

(Variable) 






3 


69.930 


1 .200 


1 . 52491 


56 . 5 


4 




-11 . 046 


6 . 000 






5 


Diaphragm 


CO 


-1.000 






6 


Objective 


1.247 


2 . 750 


1 . 52491 


56.5 


7 


lens 


-0.861 


0.330 






8 


Transparent 


oo j 


0.100 


1 . 61949 


30 . 0 


9 


substrate 


CO J 









Aspherical sui 

Surface No . 1 
K=8 . 8068E+00 
A4=l. 3574E-03 
A 6 =-3 . 0031E-02 
A 8 =-4 . 1461E-04 



Surface No . 6 
K=-7. 0271E-01 
A 4 =2 . 0793E-02 
A 6 =-2 . 5985E-03 
A 8 =4 . 9919E-03 
Aio=-2 . 2786E-04 
A 12 =-9 . 5332E-04 
A 14 =4 . 6404E-05 
A 16 =l .7553E-04 
A 18 = 2 . 1430E-05 
A 20 =-2 . 9990E-05 



coefficient 

Surface No. 2 

K=-6 .6272E+02 
A 4 =-2 . 0667E-03 
A 6 =-7.2622E-03 
A 8 =-7. 6379E-03 



Surface No. 7 
K=-2 .7384E+01 
A 4 =l . 3778E-01 
A 6 =-3 .2821E-01 
A 8 =2 . 6291E-01 
A 10 =-7. 8115E-02 
A 12 =-2 . 5227E-04 



Surface No. 4 
K=-3 . 9217E+00 
A 4 =3 . 7182E-04 
A 6 =8 . 0750E-04 
A 8 =l . 1443E-04 
A 10 =5 . 3543E-05 
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Diffraction surface coefficient 

Surface No . 3 Surface No. 6 

b2=-l . 6 978E-02 b2=-4.9893E-03 

b4=7.8786E-04 b4=-3 . 75 9 7E-04 
b6=-9 . 5788E-04 
b8=-6 .4481E-05 
bl0=3 .1466E-06 



[Table 78] 



Factors of spherical aberration variation 


Wave front aberration 


dO (Variable) 


d2 (Variable) 


Reference condition 
(>.=405nmT=25 3 C : t=0.1mm) 


0.006X 


9.300 


4.700 


Wavelength variation of the 
light source 


AX=+10nm 
AA=-10nm 


0.007X 
0.008X 


9.385 
9.187 


4.615 
4.813 


Temperature 
change 


AT=+30°C 
AT=-30°C 


0.01 8A, 
0.026X 


9.508 
9.079 


4.492 
4.921 


Transparent substrate 
thickness error 


Al=4-0.02mm 
At=-0.02mm 


o.oi ex 

0.01 BX 


9.818 
8.673 


4.182 
5.327 


(Note) The changed amount AA=+0.05 nm/°( 
change 


2 of the oscillation wavelength of the light source at the temperature 



15 
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25 
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[0471] Next, the optical pick-up apparatus according to the embodiment 4-2 will be described. The optical pick-up 
apparatus shown in Fig. 136 has: an objective lens 1 of the structure of 2 elements in 2 groups in which the plastic 
lens 1 a and 1 b are integrally held by the holding member 1 c; a semiconductor laser 3 as the light source; a coupling 
lens 2 to change the divergent angle of the divergent light emitted from the light source 3, (which is composed of lens 
elements 2a and 2b); and a detector 4 to light-receive the reflected light from the information recording surface 5 of 
the optical information recording medium. The objective lens 1 light-converges the luminous flux from the coupling lens 
2 onto the information recording surface 5 of the optical information recording medium. 

[0472] The optical pick-up apparatus shown in Fig. 136 is further provided with: a beam splitter 6 to separate the 
reflected light from the information recording surface 5 toward the detector 4; a 1/4 wavelength plate 7 located between 
the coupling lens 2 and the objective lens 1 ; an aperture 8 placed before the objective lens 8; a cylindrical lens 9; and 
a 2-axis actuator 1 0 for focusing • tracking. 

[0473] Further, the objective lens 1 has a flange portion 1 d having the surface extending perpendicular to the optical 
axis on the outer periphery of the holding member 1c. By this flange portion 1d, the objective lens 1 is accurately 
attached to the optical pick-up apparatus. 

[0474] Then : the coupling lens 2 may be a collimator lens to convert the incident divergent luminous flux to almost 
parallel luminous flux to the optical axis. In this case, in order to suppress the variation of the spherical aberration 
generated on each optical surface of the optical pick-up apparatus due to the oscillation wavelength change of the 
semiconductor laser 3. temperature • humidity change, or the error of the thickness of the transparent substrate of the 
optical information recording medium, the lens element 2a of the coupling lens 2 can be moved to its optical axis 
direction. 

[0475] Next, the example 4-3 of the light converging optical system which is applicable to the present embodiment, 
will be described. Initially, the lens data of the light converging optical system of the present example is shown in Table 
79. Further, the schematic sectional view of the light converging optical system of the present example is shown in 
Fig. 137, and the spherical aberration view is shown in Fig. 138. In the present example, by the action of the diffractive 
structure provided on the first surface and the third surface of the coupling lens 2 of the structure of 2 elements in 2 
groups, the axial chromatic aberration generated in the light converging optical system is corrected. Further as shown 
in Table 80, by changing the interval between the lens elements 2a and 2b of thecoupling lens 2, the spherical aberration 
generated in the light converging optical system due to the wavelength variation of the laser light source 3, temperature 
change, or the error of the thickness of the transparent substrate, can be corrected. 
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Example 4-3 
[0476] 



[Table 79] 
X 4 0 5nm 



N A 0.85 



^— > n. j_ i ate j_n tj . 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




9 .557 






1 


coupling 
lens 


oo 


1 .000 


1 . 52491 


56.5 


2 


-17 .290 


d2 

(Variable) 






3 


oo 


1 .000 


1 . 52491 


56 . 5 


4 


-23 . 158 


d4 

(Variable) 






5 


Diaphragm 


OO 


0 .000 






6 


Objective 
lens 


1 . 870 


1 .700 


1 . 52491 


56.5 


7 


21 . 104 


0 .600 






8 


0 . 916 


1 . 100 


1 .52491 


56.5 


9 


oo 


0 . 150 






10 


Transparent 
substrate 


oo 


0 .100 


1 . 61949 


30 . 0 


11 











Aspherical surface coefficient 



Surface No . 2 
K=-2 . 1849E+01 
A 4 =5 . 6259E-04 
A 6 =6 . 5164E-04 
A 8 =-9 . 6165E-05 



Surface No . 7 
K=l . 0547E+02 
A 4 =7 .2959E-03 
A 5 =-l . 8973E-03 
A 8 =4 . 8022E-04 
A 10 =-2 . 1096E-03 
A 12 = 6 . 0792E-04 



Surface No . 4 
K=-2 . 6544E+01 
A 4 = 6 . 8751E-04 
A 6 =2 . 4489E-04 
A 8 =2 . 9894E-05 



Surface No . 8 
K=-l . 9362E-01 
A 4 =l . 8873E-02 
A 6 =- 1 . 7301E-02 
A 8 =l . 1456E-01 
Aio=-l . 4290E-01 



Surface No . 6 
K=-l. 1034E-01 
A 4 =-6 . 0609E-03 
A 6 =-l .2828E-03 
A 8 =-5 .4230E-04 
A 10 =-l . 0053E-O4 
A 12 =-3 . 1022E-O6 
A 14 =l . 3974E-08 
A 16 =-8 . 2488E-06 
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Diffraction surf 

Surface No . 1 
b2=-9 . 5885E- 03 
b4=-8 . 0888E-04 
b6=-l . 1868E-04 



coefficient 

Surface No . 3 
b2=-9 . 5292E-03 
b4=-4 . 2952E-04 
b£ = -2 . 2554E-04 



w 

[Table 80J 



Factors of spherical aberration variation 


Wave front aberration 


d2 (Variable) 


d4 (Variable) 


Reference condition 
(>i=405nm,T=25*C,t=0.1mm) 


0.001^ 


4.000 


5.000 


Wavelength variation of the 
light source 


AX=+10nm 
A^=-10nm 


0.004X 
0.005X 


4.130 
3.886 


4.870 
5.114 


Temperature 
change 


AT=+30°C 
AT=-30°C 


0.006A, 
0.008X 


4.785 
3.249 


4.215 
5.751 


Transparent substrate 
thickness error 


At=+0.02mm 
At=-0.02mm 


0.007/1 
0.009?, 


1.928 
6.424 


7.072 
2.576 


(Note) The changed amount AX=+0.05 nm/°Cof the oscillation wavelength of the light source at the temperature 
change 



[0477] Next the light converging optical system of the example 4-4 which is applicable to the optical pick-up apparatus 
shown in Fig. 146 (described after), will be described. Initially, the lens data of the light converging optical system of 
the present example is shown in Table 81 . Further the schematic sectional view of the light converging optical system 
of the present example is shown in Fig. 139, and the spherical aberration view is shown in Fig. 140. In the present 
example, by the action of the diffractive structure provided on the third surface of the coupling lens 2 of the structure 
of 2 elements in 2 groups, and the first surface of the objective lens of the structure of 2 elements in 2 groups, the axial 
chromatic aberration generated in the light converging optical system is corrected. Further as shown in Table 82, by 
changing the interval between the lens elements 2a and 2b of the coupling lens, the spherical aberration generated in 
the light converging optical system due to the wavelength variation of the laser light source 3, temperature change, or 
the error of the thickness of the transparent substrate, can be corrected. 
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Example 4-4 
[0478] 

5 



[Table 81] 

k 4 05nm NA 0.85 



10 


Surface Mo . 

o 

1 


Remarks 
Light 
source 


r (mm) 


d (mm) 
(Variable) 




vd 








-125. 213 


0 . 800 


1 


. 52491 


56 . 5 


15 
20 

25 


2 

3 
4 
5 
6 
7 
8 
9 

10 
11 


Coupling 
lens 

Diaphragm 

Objective 
lens 

Transparent 
substrate 


10 . 615 

oo 

-8 .470 

CO 

1 . 944 
32 .238 
0 . 959 

CO 

oo 


d2 

(Variable) 
1 . 000 
5 . 000 

0 . 000 

1 . 700 

0 . 600 

1 - 100 
0 . 150 
0 . 100 


1 

1. 
1. 
1. 


. 52491 

52491 
52491 

61949 


56 . 5 

56.5 
56 . 5 
30.0 



30 



35 



40 



45 



50 
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Aspherical surface coefficient 

5 Surface No.l Surface No . 2 Surface No . 4 

K=l . 8394E-H0 3 K=-4.2244E+01 K=3 . 73 7 OE - 0 1 

A 4 =-4 .6322E-03 A 4 =-2.172 9E-04 A 4 =-7 . 5808E-04 

A 6 =-2. 1863E-03 A 6 =-7 . 3 557E-03 A 6 =6 . 2 516E- 05 

w A 8 =-3 . 0571E-02 A 8 = - 1 . 4 10 6E- 02 A 8 =-l . 3333E-05 

A 10 =5 . 5520E-06 

Surface No. 6 Surface No . 7 Surface No . 8 

K=-1.0167E-01 K=-3 . 4 728E+02 K=-2 . 90 75E-01 

A 4 =-6 . 3 824 E- 03 A* = 3 . 1109E-03 A 4 = 2 . 0673E-02 

A 6 =-l. 07 12 E- 03 A 6 =8 . 4 223 E- 04 A 6 =-2 . 2 74 7E-02 

A 8 =-3 . 84 5 9E-04 A 8 =2 . 7 94 0E-03 A 8 = l . I24 5E-01 

A 10 =-8 . 715 8E-05 A 10 =-2 . 6177E-03 A 10 =-9 . 7095E-02 

20 A 12 = 2 . 9718E-06 A i2 =l . 0 154E - 03 

A 14 = 8 . 3886E-06 
A i6 =-4 . 1865E-06 



15 



Diffraction surfa 

Surface No. 3 
b2=-1.3723E-02 
b4=6 .4381E-04 



e coefficient 

Surface No . 6 
b2=-6 . 3411E-03 
b4=-9 . 0875E-05 



[Table 82] 



35 



Factors of spherical aberration variation 


Wave front aberration 


dO (Variable) 


d2 (Variable) 


Reference condiLion 
(?L=405nmT=25=C : t=0. 1 mm) 


O.OOU 


8.000 


5.000 


Wavelength variation of the 
light source 


AX=+1 Onm 
AA.=-1 Onm 


0.002X 
O.OOU 


8.128 
7.873 


4.872 
5.127 


Temperature 
change 


AT=-i-30°C 
AT=-30°C 


0.004*, 
0.006X, 


7.837 
8.162 


5.163 
4.838 


Transparent substrate 
thickness error 


At=+0.02mm 
At=-0.02mm 


0.003X 
0.006X 


8.579 
7.357 


4.421 
5.643 


(Note) The changed amount Ak=+0.05 nm/°C of the oscillation wavelength of the light source at the temperature 
change 



[0479] Next, the light converging optical system of the example 4-5 which is applicable to the optical pick-up apparatus 
shown in Fig. 145, will be described. Initially, the lens data of the light converging optical system of the present example 
is shown in Table 83. Further, the schematic sectional view of the light converging optical system of the present example 
is shown in Fig. 141 . and the spherical aberration view is shown in Fig. 142. In the present example, by the action of 
the diffractive structure provided on the third surface of the coupling lens 2 of the structure of 2 elements in 2 groups, 
and the first surface of the objective lens 1 of the structure of 1 element in 1 group, the axial chromatic aberration 
generated in the light converging optical system is corrected. Further, as shown in Table 84, by changing the interval 
between the lens elements 2a and 2b of the coupling lens 2, the recording and/or reproducing of the information onto 
the optical information recording medium of so-called 3 layer recording system in which three layers of the transparent 
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^n^ZTJTT reCOrd ; ng i 'T r ' amina,ed ° n ° nS Sid6 ' Can be cond -ted. Further, in thesame manner 
the example 4-4 when the recording and/or reproducing of the information is conducted on 

T f0n r t,On reC ° rdln9 med,a ' the Spherical aberration generated in the light converging optical system due 
^STE^" ' i9ht S ° UrCe 3 ' t6mPera,Ure Chan96 ' " ^ e ™ " th ~ S - th. trans 9 



Example 4-5 
[0480] 



[Table 83] 



X, 4 05nm N A 0.85 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




dO 

(Variable) 






1 


coupling 
lens 

Diaphragm 


-15 . 158 


0 . 800 


1 . 52491 


56.5 


2 


15 .692 


d2 

(Variable) 






3 ~~ 


-32 . 332 


1.200 


1.52491 


56.5 


4 
5 


-7 .369 


6. 150 






6 


Objective 
lens 


1 . 247 


-1 . 150 
2 . 750 


1 . 52491 


56.5 


7 


-0 . 861 


d7 

(Variable) 






8 


Transparent 
substrate 


CO 


d8 

(Variable) 


1- 61949 


30.0 


9 


oo 









Aspherical surface 

Surface No. 1 
K=2 .2997E+02 
A 4 =-l .2113E-03 
A 6 = -2 .3094E-02 
A e =5 . 7097E-04 



Surface No . 6 
K=-7 . 0271E-01 
A 4 = 2 . C793E-02 
A 6 =-2 . 5985E- 03 
A 8 =4 . 9919E-03 
A 10 =-2 . 2786E-04 
A i2 =-9 . 5332E-04 
A 14 = 4 . 6404E-05 
A 16 = 1.7553E-04 
Aie = 2 . 1430E-05 
A 20 =-2.9990E-05 



coefficient 

Surface No. 2 
K=-7 . 1651E+02 
A 4 =-5 . 0140E-04 
A 6 =-l . 5428E-02 
A 8 =-5 . 7871E-03 



Surface No. 7 
K=-2 . 7384E+01 
A 4 =1.3778E-01 
A 6 =-3 . 2821E-01 
A 8 =2 . 6291E-01 
A 10 =-7. 8115E-02 
A 12 =-2 . 5227E-04 



Surface No. 4 
K=-5 . 7990E-01 
A 4 =5 . 3861E-05 
A 6 =8 . 2843E-04 
A 8 =l . 2847E-04 
A I0 = 2 .2449E-05 
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Diffraction surfa 

Surface No . 3 
b2=-l . 6939E-02 
b4=6 . 4086E-04 
b6=-9 .2105E-04 
b8=-4 .4088E-05 
b!0=4 .2021E-06 



coefficient 

Surface No . 6 
b2=-4 . 9893E-03 
b4=-3 . 7597E-04 



[Table 84] 





First recording layer 


Second recording layer 


third recording layer 


dO (Variable) 


9.300 


10.398 


11.228 


62 (Variable) 


4.700 


3.602 


2.772 


67 (Variable) 


0.330 


0.317 


0.301 


d8 (Variable) 


0.100 


0.150 


0.200 


Wave front aberration 


0.007?l 


0.01 OA, 


O.OO&X 



[0481 ] In the present example, the optical information recording medium is 3 layer recording type optical information 
recording medium in which the thickness of the transparent substrate between information recording layers is 0.05 
mm, however, in the light converging optical system in the present example, the recording and/or reproducing of the 
information, for example, onto the optical information recording medium of the multi-layer recording type other than 
the above description can also be conducted. 

[0482] Next, the light converging optical system of the example 4-6, will be described. Initially, the lens data of the 
light converging optical system of the present example is shown in Tables 85 and 86. Further, the schematic sectional 
view of the light converging optical system of the present example is shown in Fig. 143, and the spherical aberration 
view is shown in Fig. 1 44. In the present example, by the action of the diffractive structure provided on the third surface 
and the fourth surface of the coupling lens 2 of the structure of 2 elements in 2 groups, the axial chromatic aberration 
generated in the light converging optical system is corrected. Further as shown in Table 87, by changing the interval 
between the tens elements 2a and 2b of the coupling lens 2, the spherical aberration generated in the light converging 
optical system due to the wavelength variation of the laser lighl source 3, temperature change, or the error of the 
thickness of the transparent substrate, can be corrected. 
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Example 4-6 
[0483] 

[Table 65] 
X 4 0 5nm 



NA 0.85 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




dO 

(Variable) 






1 


coupling 
lens 


oo 


1. ooc 


1 . 52491 


56 . 5 


2 


-6 . 056 


d2 

(Variable) 






3 


OO 


1. 000 


1 . 52491 


56.5 


4 


-19 . 860 


5 . 000 






5 


Diaphragm 


CO 


0 . 000 






6 


Obj ect ive 
lens 


1 .194 


2 . 650 


1 . 52491 


56 . 5 


7 


-0 . 975 


0 .355 






8 


Transparent 
substrate 


CO 


0. 100 


1 . 61949 


30 . 0 


9 


CO 









[Table 86] 



Aspherical surface coefficient 



Surface No . 2 
K=7 . 8224E-01 
A 4 =-6 . 5522E-04 
A 6 =7 . 6018E-05 
A 8 =l .4178E-04 



Surface No . 7 
K=-2 . 1704E+01 
A4=3 . 0802E- 01 
A 6 =-6 . 3950E-01 
A 8 =5 . 8536E- 01 
A 10 =-2 . 1562E-01 
A 12 =-2 . 5227E-04 



Surface No . 4 
K=-7 . 6290E+01 
A 4 =l . 1179E-03 
A 6 =5 . 9633E-04 
A 8 =l . 5178E-04 
A 10 = 5 . 6734E-05 



Surface No . 6 
K=-6 . 8335E-01 
A 4 =l . 6203E-02 
A 6 -l . 5491E-03 
A e =2 . 8929E-03 
A 10 =-3 . 6771E-04 
A 12 = -3 . 5822E-04 
A 14 = l .4842E-04 
A 16 = l . 1960E-04 
A 18 = -3 . 0230E-05 
A 20 = -l . 1052E-O5 
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Diffraction surf a 

Surface No. 3 
b2=-l . 2117E-02 
b4=-5 . 5463E-04 
b6=-l . 6754E-04 
b8 = -8 . 4468E-05 
bl0=-3 .4341E-06 



coefficient 

Surface No . 4 
b2«-l . 1967E-02 
b4--3 . 3959E-04 
be=-6 . 3935E-05 
b8 = -6 . 8699E-05 
blO=-l . 6431E-05 



[Table 87] 



Factors of spherical aberration variation 


Wave front aberration 


dO (Variable) 


d2 (Variable) 


Reference condition 
(X=405nm, T=25°C. t-0.1 mm) 


O.0OAX 


5.000 


2.000 


Wavelength variation of the 
light source 


AX=+10nm 
AX=-10nm 


0.004X 
0.006X 


4.956 
5.049 


2.044 
1.951 


Temperature 
change 


AT=+30°C 
AT=-30°C 


0.01U 
0.014A, 


4.906 
5.093 


2.094 
1.907 


Transparent substrate 
thickness error 


At =+0. 02mm 
At=-0.02mm 


0.004X 
0.005X 


4.794 
5.205 


2.206 
1.795 


(Note) The changed amount AX=+0.05 nm/°( 
change 


2 of the oscillation wavelength of the light source at the temperature 
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[0484] In the light converging optical system of the example 4-1 to the example 4-6, as the material, because the 
plastic whose saturated water absorption is not larger than 0.01 %, and internal transmissivity at 3 mm thickness in 
the using wavelength range is not smaller than 90 %, is used, the influence on the image formation performance due 
to the water absorption is small, and the utilization efficiency of the light is high, and the mass production is possible 
at low cost by the injection molding. Further, when the plastic whose specific gravity is not larger than 2.0 is used, the 
weight of the whole light converging optical system can be reduced, and because the burden onto the drive mechanism 
(actuator 1 0) of the objective lens 1 or onto the drive mechanism (actuator 1 1 ) of the coupling lens 2 can be reduced, 
the high speed driving or the size reduction of the drive mechanism can be attained. 

[0485] Fig. 145 is a schematic structural view of the optical pick-up apparatus according to the example 4-3. In 
contract to the optical pick-up apparatus shown in Fig. 131 , because only a point that, by the actuator 11 , not the lens 
element 2a of the coupling lens 2, but the lens element 2b is moved in the optical axis direction, is different, the de- 
scription of the portion other than that is neglected. 

[0486] Fig. 146 is a schematic structural view of the optical pick-up apparatus according to the example 4-4. To the 
optical pick-up apparatus shown in Fig. 146, in the optical pick-up apparatus shown in Fig. 146, because only a point 
that, by the actuator 11 , not the lens element 2a of the coupling lens 2, but the lens element 2b is moved in the optical 
axis direction , is different, the description of the portion other than that is neglected. In this connection, to the optical 
pick-up apparatus shown in Figs. 145 and 146, any one of the light converging optical system of the example 4-1 to 
example 4-6 is applicable. Further, as a modified example of the optical pick-up apparatus shown in Figs. 145 and 
1 46, it may also be allowable that both of the lens elements 2a and 2b of the coupling lens 2 are moved, and thereby, 
the interval is changed. 

[0487] According to the present invention, a light converging optical system and optical pick-up apparatus by which 
the variation of the spherical aberration generated on each optical surface of the optical pick-up apparatus due to the 
oscillation wavelength change of the laser light source, temperature • humidity change, or the error of the thickness of 
the transparent substrate of the optical information recording medium . can be effectively corrected by a simple structure, 
can be provided. 

[0488] Further, according to the present invention, the light converging optical system and optical pick-up apparatus 
by which the axial chromatic aberration generated in the objective lens due to the mod hop phenomenon of the laser 
light source can be effectively corrected, can be provided. 

[0489] Further, according to the present invention, the light converging optical system and optical pick-up apparatus 
which are provide with the short wavelength laser light source and the objective lens of high numerical aperture, and 
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by which the recording or reproducing of the information can be conducted onto a plurality of information recording 
media whose transparent substrate thickness is different, can be provided. 

(The 5-1 embodiment) 



[0490] Fig. 147 is a view schematically showing the optical pick-up apparatus according to the 5-1 embodiment of 
the present invention. 

[0491] The optical pick-up apparatus shown in Fig. 147 has: an objective lens 1 of 1 element in 1 group lens com- 
position; a semiconductor laser 3 as the light source; a coupling lens 2 of 1 element in 1 group composition to change 
the divergent angle of the divergent light emitted from the light source 3; and an optical detector 4 to light -receive the 
reflected light from the information recording surface 5 of the optical information recording medium. The semiconductor 
laser 3 generates the laser light of the wavelength of not larger than 600 nm, and the reproducing of the information 
recorded on the information recording surface 5 in the higher density than the conventional optical information recording 
medium, and/or recording of the information onto the information recording surface 5 in the higher density than the 
conventional optical disk, can be conducted. 

[0492] The optical pick-up apparatus shown in Fig. 147 is further provided with: a beam splitter 6 to separate the 
reflected light from the information recording surface 5 toward the optical detector 4; a 1/4 wavelength plate 7 arranged 
between the coupling lens 2 and the objective lens 1 ; an aperture 8 placed before the objective lens 1 ; a light converging 
lens 9; and a 2-axis actuator 10 for focusing and tracking. In the present embodiment, the light converging optical 
system has: a light source; a beam splitter a coupling lens; a 1/4 wavelength plate; an objective lens: and an aperture 
In this connection, in the present embodiment, it may also be regarded that the beam splitter is not included in the liqht 
converging optical system. 

[0493] Further, the objective lens 1 has a flange portion 1 e having the surface extending in perpendicular direction 
to the optical axis. By this flange portion 1e, the objective lens 1 can bo accurately attached to the optical pick-up 
apparatus. Further, the coupling lens 2 has the diffractive structure to generated the axial chromatic aberration with 
the reversal polarity to the axial chromatic aberration generated in the objective lens 1 . 

[0494] The reproduction of the information from the information recording surface 5 of the optical information record- 
ing medium will be described below. The divergent angle of the divergent light emitted from the semiconductor laser 
3 is changed by the coupling lens 2, and it is light-converged onto the information recording surface 5 of the optical 
information recording medium by the objective lens 1 through the 1/4 wavelength plate 7 and aperture 8 and the 
luminous flux modulated and reflected by the information pit on the information recording surface 5 enters into the 
optical detector 4 through the objective lens 1, aperture 8, 1/4 wavelength plate 7. coupling lens 2. beam splitter 6 
and the light converging lens 9, and by the output signal generated thereby, the information recorded on the information 
recording surface of the optical information recording medium can be reproduced. 

[0495] In the case where the information is reproduced as described above, when the mode hop phenomenon is 
generated in the semiconductor laser 3, because the semiconductor laser 3 generates the laser light of the short 
wavelength with not larger than 600 nm, the changed amount of the axial focus point is increased at the objective lens 
1 , and the axial chromatic aberration is generated, however, because the axial chromatic aberration with the reversal 
polarity to this axial chromatic aberration generated in the objective lens 1 is generated in the diffractive structure of 
the coupling lens 2, the wave front when the spot is formed on the information recording surface 5 of the optical infor- 
mation recording medium through the light converging optical system including the coupling lens 2 and the objective 
lens 1 , is in the condition that the axial chromatic aberration is cancelled, and as the whole light converging optical 
system, the axial chromatic aberration is finely corrected in the range of the wavelength variation of the light source 
Further, also in the case where the recording of the information onto the information recording surface 5 of the optical 
information recording medium, in the same manner as described above, even when the mode hop phenomenon is 
generated in the semiconductor laser 3, because the wave front when the spot is formed on the information recording 
surface 5 ol the optical information recording medium through the light converging optical system including the coupling 
lens 2 and the objective lens 1 , is in the condition that the axial chromatic aberration is cancelled, the recording of the 
stable information can be conducted. 

[0496] Next, another optical pick-up apparatus will be described referring to Fig. 1 48. The optical pick-up apparatus 
shown in Fig. 148 is different from that shown in Fig. 147, in the point that the objective lens 1 has the structure of 2 
elements in 2 groups. In Fig. 148, the objective lens 1 is composed of the first lens 1a and the second lens 1b and 
the first lens 1 a and the second lens 1 b are integrated by the holding member 1 c. By the flange portion 1 d of the holding 
member 1 c, the objective lens 1 can be accurately attached to the optical pick-up apparatus. According to the optical 
p.ck-up apparatus shown in Fig. 148, in the same manner as in Fig. 147, because the axial chromatic aberration with 
the reversal polarity to the axial chromatic aberration generated in the objective lens 1 is generated in the diffractive 
structure of the coupling lens 2, as the whole of the light converging optical system, the axial chromatic aberration can 
be finely corrected in the range of the wavelength variation of the light source. 
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(The 5-2 embodiment) 

[0497] Next, the optical element of the 5-2 embodiment according to the present invention will be described. This 
optical element is a diffractive optical element on which the ring-shaped diffractive structure is provided., and for ex- 

5 ample, the coupling lens shown in Fig. 147 and Fig. 148 can be composed thereof. 

[0498] Fig. 157 is a sectional view (a) of the optical element in which the one optical surface (S1) is a plane, and the 
ring-shaped diffractive structure is formed thereon, and further the other optical surface (S2) is an aspherical refractive 
surface, and a front view (b) viewed from the A direction. Although the ring band structure of the S1 surface is empha- 
sized and drawn in Fig. 157, the actual ring band structure is a minute structure in which the ring band interval in the 

10 direction perpendicular to optical axis is about several uxn. and the height of the ring band in the optical axis direction 
is about 1 urn. Although the S2 surface is an aspherical refractive surface, it may be a spherical refractive surface, and 
further, as shown in the enlarged view of the S2 surface in Fig. 157(c), the ring-shaped diffractive structure may be 
formed on the aspherical surface and/or the spherical refractive surface. In this case, when the ring band structure is 
determined so as to satisfy the expression PA. >20\ the cutting processing of the mold by SPDT can be conducted. 

15 [0499] Fig. 1 58 is a view showing the relationship between the period (PA) of the blaze structure when, in the cutting 
processing, the bites in which the radiuses (Rb) of the tip portion are respectively 1.0 jam, 0.7 jim. and 0.5 jxm are 
used, and the blaze structure is formed on the planer substrate, and the theoretical value of the first order diffraction 
efficiency. In this connection, the refractive index of the substrate is defined as 1 .5, and the wavelength (A.) is defined 
as 405 nm. 

20 [0500] As can be seen from Fig. 158, even when the bite in which the radius Rb of the tip portion is 0.5 pm is used, 
when the period PA of the blaze structure is not larger than 10. the diffraction efficiency becomes not larger than 80 
%, and the sufficient light utilization efficiency can not be obtained. Accordingly, when the period PA of the blaze 
structure is not larger than 20, specially, when not larger than 10, the production method of the diffractive optical element 
by the electronic beam drawing system in which there is no possibility that the phase mismatch portion is generated, 

25 is very effective. 

[0501] Next, Examples 5-1 to 5-6 according to the present invention will be described. The list of the data of the 
coupling lens, objective lens, and composite systems of them is shown in Table 88. 
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[0502] The diffractive surface provided on the coupling lense of each example is expressed by the mother aspherical 
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surface showing the macroscopic shape from which the diffraction relief is removed, and the optical path difference 
function. The optical path difference function expresses the optical path difference added to the diffracted light of the 
reference wavelength by the diffractive surface, and at the place at wh ich the value of the optical path difference function 
is changed by each mX (m is the diffraction order), the ring-shaped diffractive zone is provided. The optical path dif- 
5 ference function is expressed by the above expression (A). 

[0503] Further, the aspherical surface in the coupling lens and the objective lens of each example is expressed by 
the next expression (B). 

10 X =(h 2 /r)/{1 + >/(1 -(1 + k) (h 2 /r 2 ))} +A 4 h 4 + A 6 h 6 + ... 

Where, A4, A6, aspherical surface coefficient, k: conical coefficient; r: paraxial radius of curvature, and r } d, 
n express the radius of curvature of the lens, spacing, and refractive index. 

15 (Example 5-1) 

[0504] The present example is an example in which a blue violet semiconductor laser of the oscillation wavelength 
405 nm is used as the light source, and as the objective lens, which has the structure of 1 element in 1 group and the 
numerical aperture of 0.85 is used. When the surface of the light source side of the coupling lens of the structure of 1 
20 element in 1 group is formed to the diffractive surface, the axial chromatic aberration generated in the objective lens 
is corrected. Further, when the surface of the optical information recording medium side of the coupling lens is formed 
to the aspherical surface, the aberration of the coupling lens is accurately corrected. Th elans data of example 5-1 is 
shown in Table 89. Further, the optical path view of the example 5-1 is shown in Fig. 149 and the spherical aberration 
viow is shown in Fig. 150. 

25 

Example 5-1 
[0505] 

30 

[Table 39] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Light 
source 




11 . 620 






1 


coupling 
lens 


-55 .623 


1 . 200 


1 . 52491 


56 . 5 


2 


-13 . 188 


9 . 000 






3 


Diaphragm 


oo 


0 . 000 






4 


Obj ective 
lens 


1 . 194 


2 . 650 


1 . 52491 


56 . 5 


5 


-0 . 975 


0 . 355 






6 


Transparent 
substrate 


oo 


0 . 100 


1 .61949 


30 . 0 


7 


oo 
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Aspherical surface coefficient 



5 



Surface No . 2 



Surface No. 4 

K=-6 . 8335E-01 
A 4 =l . 6203E-02 
A 6 =l . 5491E-03 
A 8 =2 . 8929E-03 



Surface No. 5 

K=-2 . 1704E+01 
A 4 = 3 . 0802E-01 
A 6 =-6.3950E-01 
A s =5. 8536E-01 



10 



K=2 . 1216E+00 
A 4 =l . 2133E-03 
A 6 =6 .4151E-05 
A 8 =-2 . 5180Z-05 
A 10 =4 . 132SE-06 



Ai 0 =~3 . 6771E-04 
A 12 =-3 . 5822E-04 



A 10 =-2 . 1562E-01 
A 12 =-2 . 5227E-04 



Ai4=l .4842E-04 
A 16 =l . 1960E-04 



15 



A 18 =-3 . 0230E-05 
A 20 =-l . 1052E-05 



Diffraction surface coefficient 



20 



Surface No . 1 
b2 = -2 .7188E-02 
b4=-6 .2483E-04 



25 

(Example 5-2) 

[0506] The present example is an example in which a blue violet semiconductor laser of the oscillation wavelength 
405 nm is used as the light source, and as the objective lens, which has the structure of 1 element in 1 group and the 

30 numerical aperture of 0.85 is used. When the both surfaces of the coupling lens of the structure of 1 element in 1 group 
are formed to the diffractive lenses, the axial chromatic aberration generated in the objective lens is corrected. Further, 
when the power of the diffraction is shared on 2 surfaces, the interval of the ring-shaped diffractive zone of respective 
surfaces is about 10 urn and largely secured, and the coupling lens in which there is no lowering of the diffraction 
efficiency due to the production error is obtained. The lens data of example 5-2 is shown in Table 90. Further, the 

35 optical path view of the example 5-2 is shown in Fig. 151 and the spherical aberration view is shown in Fig. 152. 
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Example 5-2 
[0507] 



[Table 90] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Light 
source 




18 . 154 






1 


coupling 
lens 


-38 . 058 


1.200 


1 . 52491 


56 . 5 


2 


-60 .391 


9. 000 






3 


Diaphragm 




0 . 000 






4 


Obj ect ive 
lens 


1.194 


2 .650 


1 . 52491 


56 . 5 


5 


-0 . 975 


0. 355 






6 


Transparent 
substrate 


oo 


0 . 100 


1 . 61949 


30 . 0 


7 


oo 









10 



15 



20 



25 



30 



35 



Aspherical surface coefficient 



Surface No . 4 
K=-6.833 5E-01 
A 4 = l . 6203E-02 
A 6 =l . 5491E-03 
A 8 =2 . 8929E-03 
Aio=-3 . 6771E-04 
A 12 =-3 . 5822E-04 
A 14 = l .4842E-04 
A 16 =l . 1960E-04 
A 18 = -3 . 0230E-05 
A 20 =-l. 1052E-05 



Surface No. 5 
K=-2 . 1704E+01 
A 4 =3 . 0802E-01 
A 6 =-6 . 3950E-01 
A 8 =5. 8536E-01 
Aio=-2 . 1562E-01 
A 12 =-2 . 5227E-04 



Diffraction surface coefficient 

Surface No.l Surface No . 2 

b2=-l . 3614E-02 b2= - 1 . 58 16E - 02 

b4=-3 . 07 9 9E-04 b4 = 2 . 73 72E - 04 

[0508] Further, in the objective lens used for the Examples 5-1 and 5-2, the under corrected spherical aberration is 
generated on the short wavelengLh side, and the over corrected spherical aberration is generated on the long wave- 
length side. In the Examples 5-1 and 5-2, by the action of the diffractive structure of the coupling lens, the axial chromatic 
aberration of the whole light converging optical system is made over corrected, and the spherical aberration curve of 
the reference wavelength (405 nm) and the spherical aberration curve on the long - short wavelength side are made 
to be crossed. Thereby, the movement of the best image plane when the wavelength of the light source is shifted, can 
be suppressed to small, and the optical system in which the deterioration of the wave front aberration is small at the 
time of the mode hop phenomenon of the light source or the high frequency superimposition, can be obtained. 
[0509] Further, by the action of the diffraction, rather than a case where the spherical aberration curve on the long 
short wavelength side generated in the objective lens is corrected so as to be almost in parallel to the spherical aber- 
ration curve of the reference wavelength , and the axial chromatic aberration of the whole light converging optical system 
is corrected, in a case where, as described above, the spherical aberration curve on the long • short wavelength side 
is not corrected, and the axial chromatic aberration of the whole light converging optical system is overly corrected, 
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thereby, the spherical aberration curve of the reference wavelength (405 nm) and the spherical aberration curve on 
the long ■ short wavelength side are made to be crossed, the power of the diffraction is enough to be small, therefore, 
the interval of the ring bands can be increased. 

[0510] Further thee changed amount ACA of the axial chromatic aberration Is shown by the movement width of the 
5 lower end of the spherical aberration curves of 405 nm and 415 nm in the spherical aberration views of Fig. 150 and 
Fig. 152 : and the movement direction is, by the shift of the wavelength of the light source toward the long wavelength 
side ; the direction in which the back focus is reduced. In this connection., the changed amount ASA of the spherical 
aberration of the marginal ray is shown by the width between the upper end of the spherical aberration curve of 405 
nm and the upper end of the spherical aberration curve of 415 nm when the spherical aberration curve of 405 nm is 
10 parallely moved to the position at which the lower end of the spherical aberration curve of 405 nm overlaps with the 
lower end of the spherical aberration curve of 415 nm. 

(Example 5-3) 

15 [0511] The present example is an example in which a blue violet semiconductor laser of the oscillation wavelength 
405 nm is used as the light source, and as the objective lens, the lens of the structure of 2 elements in 2 groups and 
the numerical aperture of 0.85 is used. When the both surfaces of the coupling lens of the structure of 1 element in 1 
group are formed to the diffractive lenses, the axial chromatic aberration generated in the objective lens is corrected. 
Further, when the surface on the optical information recording medium side of the coupling lens is formed lo the as- 

20 pherical surface, the aberration of the coupling lens is accurately corrected. 

[0512] When the power of the diffraction is shared on 2 surfaces, the interval of the ring-shaped diffractive zone of 
respective surfaces is about 13 jxm and largely secured; and the coupling lens in which there is no lowering of the 
diffraction efficiency due to the production error, is obtained. The lens data of example 5-3 is shown in Table 91 . Further, 
the optical path view of the example 5-3 is shown in Fig. 153 and the spherical aberration view is shown in Fig. 154. 
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Example 5-3 
[0513] 



[Table 91] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




11.450 






1 


coupling 
lens 


86 .357 


1 .200 


1 . 52491 


56.5 


2 


-14 .695 


9 . 000 






3 


Diaphragm 


CO 


0 .000 






4 


Objective 
lens 


2 . 074 


2.400 


1 . 52491 


56 . 5 


5 


8.053 


0 . 100 






6 


0 . 863 


1 . 100 


1 . 52491 


56 . 5 


7 


CO 


0 . 240 






8 


Transparent 
substrate 


CO 


0 . 100 


1 . 61949 


30 . 0 


9 


CO 









10 



15 



20 



25 



30 



35 



40 



Aspherical surface coefficient 



Surface No . 2 
K=l . 5853E+00 
A 4 =-2 . 7899E-04 
A 6 =-8 . 4813E-05 
A B =4 . 3748E-05 



Surface No . 6 
K=-7 . 1425E-01 
A 4 =l .3647E-01 
A 6 =-5 . 3414E-02 
A 8 =3 . 0269E- 01 
A 10 =-l . 6898E-01 



Surface No . 4 
K=-l. 2955E-01 
A4--3 . 7832E-03 
A 6 =5 . 1S67E-04 
A 8 =-l . 1780E-03 
Aio=-2 . 0628E-04 
Ai2 = 2 . 5941E-05 
Ai4 = l . 4917E-04 
Ai 6 = -5 . 1578E-05 



Surface No . 5 
K=4 . 7554E+01 
A 4 =l . 3641E-02 
A 6 =-2 . 9201E-02 
A 8 =-9 . 3339E-03 
A 10 =3 . 3011E-02 
Ai2=-2. 2626E-02 



Diffraction surface coefficient 

Surface No . 1 Surface No . 2 

b2=-9 . 90 8 0E-03 b2=-l . 14 57E-02 

b4=-5 . 83 06E-05 b4=3 . 2 83 8E-04 



Example 5-4 

55 

[051 4] The present example is an example In which a blue violet semiconductor laser of the oscillation wavelength 
405 nm is used as the light source, and as the objective lens : the lens of the structure of 2 elements in 2 groups and 
the numerical aperture of 0.85 is used. When the both surfaces of the coupling lens of the structure of 1 element in 1 
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group are formed to the diffractive lenses, the axial chromatic aberration generated in the objective lens is corrected. 
When the power of the diffraction is shared on 2 surfaces, the interval of the ring-shaped diffractive zone of respective 
surfaces is about 13 um and largely secured, and the coupling lens in which the lowering of the diffraction efficiency 
due to the production error is small, is obtained. The lens data of example 5-4 is shown in Table 92. Further, the optical 
5 path view of the example 5-4 is shown in Fig. 155 and the spherical aberration view is shown in Fig. 156. 

Example 5-4 

[0515] 



[Table 92] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




18 . 270 






1 


coupling 
lens 


CO 


1 .200 


1 . 52491 


56 . 5 


2 


-35 . 070 


9 . 000 






3 


Diaphragm 


cc 


0 . 000 






4 


Objective 
lens 


2 . 074 


2 .400 


1.52491 


56 . 5 


5 


8 . 053 


0. 100 






6 


0 . 863 


1 . 100 


1. 52491 


56 . 5 


7 


oo 


0 . 240 






8 


Transparent 
substrate 


CO 


0 . 100 


1 .61949 


30 . 0 


9 


CO 









30 

Aspherical surface 

Surface No. 4 
K=-l . 2955E-01 

35 A 4 =-3 .7832E-03 

A 6 =5 . 1667E-04 
A 8 =-l . 1780E-03 
A 10 =-2 . 0628E-04 

40 A 12 = 2 . 5941E-05 

A 14 = l .4917E-04 
A 16 =-5 . 1578E-05 



coefficient 

Surface No . 5 
K=4 . 7554E+01 
A 4 =l . 3641E-02 
A 6 =-2 . 9201E-02 
A 8 =-9 .3339E-03 
A 10 = 3 . 3011E-02 
A 12 = -2 . 2626E-02 



Surface No . 6 
K=-7 . 1425E-01 
A4=l . 3647E-01 
A 6 =-5 . 3414E-02 
A 8 =3 . 02S9E-01 
A 10 =-l . 6898E-01 



Diffraction surface coefficient 

Surface No.l Surface No. 2 

b2=-l . 0 612E-02 b2 = - 8 . 84 3 7E- 03 

b4=2 . 153 2E-04 b4= - 1 . 77 5 8E- 04 

(Example 5-5) 

[0516] The present example is an example in which a blue violet semiconductor laser of the oscillation wavelength 
405 nm is used as the light source, and as the objective lens, which has the structure of 1 element in 1 group and the 
numerical aperture of 0.85 is used. When the surfaces on the light source side of the coupling lens of the structure of 
1 element in 1 group is formed to the diffractive surface on which the ring-shaped diffractive structure is formed, the 
axial chromatic aberration generated in the objective lens is corrected. 
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[0517] Because the minimum interval of the ring band of the ring band structure is 3.1 urn (P/X = 7.7) in the range 
of the effective diameter, in the mold processing by the SPDT (Single Point Diamond Tool) : the unnecessary ordered 
diffractive rays are so much generated, and the sufficient diffraction efficiency can not be obtained. Accordingly, when 
the surface which is a base to from the diffractive structure, is formed as the plane, the high accuracy mold processing 
5 by the electronic beam drawing system can be conducted. Further, when the surface on the optical information recording 
medium side of the coupling lens is formed to aspherical refractive surface, the aberration of the coupling lens is 
accurately corrected. The lens data of the example 5-5 is shown in Table 93. Further the optical path view of the 
example 5-5 is shown in Fig. 159, and the spherical aberration view is shown in Fig. 160. 

10 Example 5-5 

[0518] 



15 



[Table 93] 



Surface No. 


Remarks 


r (mm) 


d (mm) 




vd 


0 


Light 
source 




8 . 783 






1 


coupling 
lens 


oo 


1 . 500 


1. 52491 


56 . 5 


2 


-8 . 519 


9 . 000 






3 


Diaphragm 


oo 


0 . 000 






4 


Obj ective 
lens 


1 .495 


3 . 420 


1 . 52491 


56 . 5 


5 


-1 . 079 


^ 0.405 






6 


Transparent 
substrate 


oo 


0 . 100 


1 . 61949 


30 . 0 


7 


oo 









20 



25 



30 



Aspherical surface coefficient 



35 



40 



45 



Surface No. 2 
K=3 . 6689E+00 
A 4 = 2 . 9240E-03 
A 6 =6 . 8648E-05 
A 8 =l . 6249E-06 



Surface No . 4 
K=-6 . 8372E-01 
A 4 = 8 . 2060E-03 
A 6 =8 . 9539E-04 
A 8 = 2 . 0706E-04 
A 10 =l . 5169E-04 
A 12 =-5 . 5781S-05 
A 14 =-6 . 4051E-07 
A I6 = 6 . 3232E-06 
A 18 =-5 . 5076S-07 
A 20 =-l. 8235S-07 



Surface No. 5 
K=-2 . 0952E+01 
A 4 =2 . 1572E-01 
A 6 =-3 .4704E-01 
A 8 =2 . 5518E-01 
Aio=-7 . 5892E-02 
A 12 = 5 . 5326E-05 



Diffraction surface coefficient 

Surface No . 1 
b2=-2 . 4130E-02 
b4=-l .2410E-03 



55 (Example 5-6) 

[0519] The present example is an example in which a blue violet semiconductor laser of the oscillation wavelength 
405 nm is used as the light source, and as the objective lens, which has the structure of 1 element in 1 group and the 
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numerical aperture of 0.85 is used. When the surfaces on the light source side of the coupling lens of the structure of 
1 element in 1 group is formed to the diffractive surface on which the ring-shaped diffractive structure is formed, the 
axial chromatic aberration generated in the objective lens and the spherical aberration when the oscillation wavelength 
of the light source is changed, are corrected. 

5 [0520] Because the minimum interval of the ring band of the ring band structure is 3.0 pm (P/X = 7.4) in the range 
of the effective diameter when the surface which is a base to from the diffractive structure., is formed as the plane 5 the 
high accuracy mold processing by the electronic beam drawing system can be conducted. Further, when the surface 
on the optical information recording medium side of the coupling lens is formed to the diffractive surface in which the 
ring-shaped diffractive structure is formed on the aspherical surface, the aberration of the coupling lens and the aber- 

10 ration of the whole optical system are more accurately corrected. Because the minimum ring band interval of the ring 
band structure formed on the surface of this optical information recording medium side is 14.7 urn (PA, = 36.3) in the 
range of the effective diameter, the sufficient diffraction efficiency can be obtained by the mold processing by the SPDT. 
The lens data of the example 5-6 is shown in Table 94. Further, the optical path view of the example 5-6 is shown in 
Fig. 161, and the spherical aberration view is shown in Fig. 162. 

15 

Example 5-6 
[0521] 

20 

[Table 94] 



25 



30 



35 



Surface No . 


Remarks 


r (mm) 


d (mm) 




Vd 


0 


Light 
source 




8 . 747 






1 


coupl ing 
lens 




1 . 500 


1 . 52491 


56 . 5 


2 


-8 . 023 


9 . 000 






3 


Diaphragm 


OO 


0 . 000 






4 


Obj ective 
lens 


1.495 


3 .420 


1. 52491 


56.5 


5 


-1 . 079 


0 .405 






6 


Transparent 
substrate 


OO 


0 . 100 


1. 61949 


30.0 


7 


oo 









Aspherical surface coefficient 



40 



so 



Surface No . 2 
K=0 . OOOOE+00 
A 4 = 2 . 2042E-04 
A 6 =8 . 8017E-04 



Surface No . 4 
K=-6 . 8372E-01 
A 4 =8 . 2060E-03 
A 6 =8 . 9539E-04 
A 8 =2 . 0706E-04 
A 10 =l .5169E-04 
A 12 =-5 . 5781E-05 
A 14 =-6 . 4051E-07 
A 16 = 6 . 3232E-06 
A 18 =-5 . 5076E-07 
A 20 =-l. 8235E-07 



Surface No . 5 
K=-2 . 0952E+ 01 
A 4 =2 . 1572E-01 
A 6 =-3 .4704E-01 
A 8 =2 . 5518E-01 
A 10 =-7. 5892E-02 
A 12 = 5 .5326E-05 
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Diffraction surface coefficient 

Surface No . 1 Surface No. 2 

b2=-2.2191E-02 b2=0 . 0O00E+O0 

b4=-3.8575E-03 b4=3 . 0446E-03 

b6=9.2001E-04 b6=-1.0083E-03 
b8— 1.4435E-04 b8 = 6.2191E-05 

bl0=6 . 5823E-06 

diffractive surtace. 9 ° f dlffracted ra V among diffracted rays generated on the 

(Example 5-7) 

Te sTu't of a°el WaVe : en9 ? ,i9h ' S ° UrCe a WaVe,en9lh ° f 405 nm * ^ - 
an objective lens. AxiaTchromatic abe atfon LlL T 1'" J™^ ^ 8 nUmeriCal aperture of 0 85 is used *s 
surface on each of bla^ST^^^ *! h 0bj8Ct,VB ,en8 W9S C ° rreCted b * P ravidin 3 ■ ^active 
necessary for correcting chromic ^^J^^l^S" 9 " * ' ^ P ° Wer 

was determined so that the 2"d ordereTJi^ed ray iSvo ho orc^ t ' /* * ^ 

rays. Therefore, an interval of the diffractinc, rin sZiT 9 ! am ° P9 a " y ° thcr 0rdcred diffracted 

Mm, resulting in a «^C^S^S^^2^ n « " * be 38 lar96 aS about 20 

further possible to select freelv anTcl n S I " eff ' C ' enCy CaUSSd by errors in manufacturing. It was 

the surface on the Hgh, s ^ rce side "2T a dSSJT * ^'l'' k™* ° f inCid6nt m ° C0 '"» e ° f deSi 9 n because 

coma as well as sphe ica, Zn^tecor ^ZT^ T, T*" ' high ' y emctent C ° Uplm9 lens Whereln 
ample was formed with o ten res in tZTq^^T T, I lncidenta,, y. the coupling lens in the present ex- 
Example 5-7 is shown in Rg 1 S an^ a soherS^h r h EXamP ' e ^ an ° ptical path dia 9 ram * 

diagram shows that a 1^^'^^^ SSS^ST * 1 " ^ ^ " 
Kst^ 

production basis. Further in Table Se tEl « T 9 I ? are '° W m C0St can be manufactured on a mass 

for example, E - 02 (=10 2) " * ^ ' S expression of an ex P°^"t of 10, exemplifying, 
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Example 5-7 
[Table 95] 



Surface No. 


Remarks 


r (mm) 


d. ( mm) 






0 


Light 
source 




5 . 178 






1 


TransDarpnt 
substrate 




0.250 


1.53020 


64 . 1 


2 


oo 


5.000 






3 


Polarized 
beam 

splitter 


o© 


6 . 000 


1 . 53020 


64 . 1 


4 


CO 


5 . 000 






5 


Coupling 
lens 


-27 .220 


1.200 


1 . 52491 


56 . 5 


6 


-20 . 660 


10 . 000 






7 


Diaphragm 


CO 


0 . 000 






8 


Obj ective 
lens 


2 . 074 


2 .400 


1 . 52491 


56 . 5 


9 


8 . 053 


0 . 100 






10 


0 . 863 


1.100 


1 . 52491 


56 . 5 


11 


CO 


0 . 240 






12 


Transparent 
substrate 


CO 


0 . 100 


1. 61949 


30 . 0 


13 


CO 









10 



15 



20 



25 



30 



35 



40 



Aspherical surface coefficient 



Surface No . 8 
K=-l . 2955E-01 
A 4 =-3 .7832E-03 
A 6 =5 . 1667E-04 
A 8 =-l . 1780E-03 
A ao =-2 . 0628E-04 
A 12 = 2 . 5941E-05 
A 14 = l .4917E-04 
Ai 6 =-5. 1578E-05 



Surface No. 9 
K=4 . 7554E+01 
A 4 =l . 3641E-02 
A 6 =-2 . 9201E-02 
A 6 =-9 . 3339E-03 
Aio = 3 . 3011E-02 
Ai2=-2 . 2626E-02 



Surface No. 10 
K=-7 . 1425E-01 
A 4 =1.3647E-01 
A 6 =-5 . 3414E-02 
A 8 =3 . 0269E-01 
A 10 =-l . 6898E-01 



45 



Diffraction surface coefficient 



Surface No . 5 
b2=-5 . 6394E-03 
b4=-4 . 2871E-06 



Surface No . 6 
b2=-5 . 3607E-03 
b4=-5 . 2774E-07 



50 



55 



[0525] According to the present invention, a coupling lens, light converging optical system, optica! pick-up apparatus, 
recording apparatus and reproducing apparatus by which the axial chromatic aberration generated in the objective 
lens due to the mode hop phenomenon of the laser light source can be effectively corrected, can be provided. Further, 
an optical element having the diffractive structure used for the optical pick-up apparatus the optical pick-up apparatus : 
and the diffractive optical element having the shape in which the diffractive structure can be formed by the electronic 
beam drawing system, and optical pick-up apparatus having such the diffractive optical element can be provided. 
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Claims 

1 . An objective lens for recording and/or reproducing an optical information recording medium, comprising: 

a first lens having a positive refractive power; and 
a second lens having a positive refractive power; 

.en, ^ ^ IT *"* ^ SeCOnd lenS are aMgned in this order f rom a «9 ht s °^e side of the objective 

Lnd ihe o£ theS f eCOnd lens are respectively made of a materia, having a specific gravity of 2.0 or less 

and the objective lens satisfies the following conditional formula: 

IMA a 0.70, 

the nTrZtT * predete ™ ned ima 9 e side numerical aperture necessary for recording and/or reproducing of 
the optical information recording medium. a 

2. The objective lens of claim 1 , wherein the following conditional formula is satisfied: 

NA a 0.80. 

3. The objective lens of claim 1 , wherein the first lens and the second lens are made of a plastic. 

4. The objective lens of claim 1 , wherein at least two surfaces are an aspherical surface among three surfaces. 

5. The objective lens of claim 1 , wherein the following conditional formula is satisfied: 

1.1 g f1/f2 s 3.3 

where f1 : a focal length (mm) of the first lens, and f2: a focal length (mm) of the second lens. 

6. The objective lens of claim 5, wherein the following conditional formula is satisfied: 

1.2 3 fi/f2 ii 3.3 

7. The objective lens of claim 1 , wherein the following conditional formula is satisfied: 

0.3 £ (r2 + M)/(r2- r1) S3.2 

of the tcon?su a rtace aX^a, " ^ °' ^ 8UrfaCe ' ^ * : * P3raXia ' radlUS 0f cu ™ ture <™> 

8. The objective lens of claim 1 , wherein the following conditional formula is satisfied: 



- 0.15 < (X1 ' - X3*)/((NA) 4 .f) < 0.1 0 
where XV and X3' are represented by the following formula, 

X1'= X1.(N1 - 1) 3 /f1 
X3* = X3-(N2- 1) 3 /f2 
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where X1 : a distance (mm) in the optical axis direction between a plane which is perpendicular to the optical 
axis and contacts the vertex of a surface of the first lens at a side closest to a light source and a surface of 
the first lens at a side closest to the light source at an outermost periphery of the effective diameter (the 
outermost periphery corresponds to a position on a surface of the first lens at which a marginal ray of the 
5 above NA comes to be incident), when the distance is measured in a direction toward to the optical information 

recording medium, the distance is singed with plus (+), and when the distance is measured in a direction 
toward to the light source, the distance is singed with minus (-); 

X3: a distance (mm) in the optical axis between a plane which is perpendicular to the optical axis direction 
and contacts the vertex of a surface of the second lens at a side closest to a light source and a surface of the 

10 second lens at a side closest to the light source at an outermost periphery of the effective diameter (the out- 

ermost periphery corresponds to a position on a surface of the second lens at which a marginal ray of the 
above NA comes to be incident), when the distance is measured in a direction toward to the optical information 
recording medium, the distance is singed with plus (+), and when the distance is measured in a direction 
toward to the light source, the distance is singed with minus (-); 

15 f: a focal length (mm) of the total system of the objective lens; 

N1 : a refractive index of the first lens at a used wavelength; and 
N2: a refractive index of the second lens at a used wavelength. 

9. The objective lens of claim 8, wherein the following conditional formula is satisfied: 

20 

- 0.08 < (X1 1 - X3')/((NA) 4 -f) < 0.05 

10. The objective lens of claim 1 . wherein when a using wave length is 500 nm or less, the objective lens is made of 
25 a material whose internal transmittance at a thickness of 3 mm in a region of the using wavelength is not smaller 

than 85%. 

11. The objective lens of claim 10, wherein the objective lens is made of a material whose internal transmittance at a 
thickness of 3 mm is not smaller than 95%. 

30 

12. The objective lens of claim 1 , wherein a thickness of the transparent substrate of the optical information recording 
medium onto which the recording and/or reproducing of the information is conducted, is not larger than 0.6 mm. 

13. The objective lens of claim 1 , wherein the objective lens is made of the material whose saturation water absorption 
35 is not larger than 0.5%. 

1 4. The objective lens of claim 13, wherein the objective lens is made of the material whose saturation water absorption 
is not larger than 0.1%. 

40 1 5. The objective lens of claim 1 . wherein the first lens and the second lens are respectively made of a material whose 
specific gravity is not larger than 2.0, and ring-shaped diffractive structure is provided at least on one surface, and 
the following conditional formula is satisfied. 



45 vdi ^ 65.0 

where vdi: Abbe's number (i = 1 and 2) of d line of the i-th lens. 

16. The objective lens of claim 15, wherein when the diffraction order of a diffracted ray having the maximum amount 
so among diffracted rays generated at the diffractive structure of the i-th surface is ni-th, the number of the ring-shaped 

zones of the i-th surface is Mi, the minimum value of the ring-shaped zone interval is Pi (mm), a focal length of the 
whole objective lens system is f (mm), and a using wavelength is X (mm), the following conditional formula is 
satisfied. 

55 

0.04 g A. -f I (ni/(Mi • Pi )) =g 0.3 

17. The objective lens of claim 15, wherein an amount of n-th order diffracted ray generated at the diffractive structure 
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is larger than the amount of any other ordered diffracted rays, and in order to record and /or reproduce the infor- 
mation onto the optical information recording medium, the n-th ordered diffracted ray generated at the diffractive 
structure is converged onto the information recording plane of the optical information recording medium where n 
is an integer except for 0, ± 1 . 

18. An objective lens for recording and/or reproducing an optical information recording medium, comprising: 

a first lens having a positive refractive power; and 
a second lens having a positive refractive power; 

wherein the first lens and the second lens are aligned in this order from a light source side of the objective 
lens, the first lens and the second lens are respectively made of a plastic and the objective lens satisfies the 
following conditional formula: 

0.09 ^ WD/f < 0.24 

where WD: a working distance (mm) of the objective lens and f: a focal length (mm) of the objective lens. 

19. The objective lens of claim 18, wherein the following conditional formula is satisfied: 

NA ^ 0.70 ; 

where NA: a predetermined image side numerical aperture necessary for recording and/or reproducing of 
the optical information recording medium. 

20. The objective lens of claim 19, wherein the following conditional formula is satisfied: 

NA ^ 0.80. 

21. The objective lens of claim 18, wherein at least two surfaces are aspherical surfaces among a first surface to a 
third surface. 

22. The objective lens of claim 18, wherein the following conditional formula is satisfied: 

1.1 ^ f1/f2 ^ 5.0 
where fi: the focal length (mm) of the i-th lens (i = 1 or 2). 

23. The objective lens of claim 22, wherein the following conditional formula is satisfied: 

1.2 ^ f1/f2 ^ 5.0 

24. The objective lens of claim 18, wherein the following conditional formula is satisfied: 

0.3 ^ (r2 + M)/(r2- r1) ^ 4.8 



where, ri : a paraxial radius of curvature (mm) of the i-th surface (i - 1 or 2). 
55 25. The objective lens of claim 18, wherein the following conditional formula is satisfied: 

- 0.15 < (X1 ' - X3')/((NA) 4 -f) < 0.10 
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where X1 ' and X3' are represented by the following formula, 



xr = xi • (N1 - i)°/fi 



X3' = X3 • (N2 - 1) 3 /f2 

where X1 : a distance (mm) in the optical axis direction between a plane which is perpendicular to the optical 

io axis and contacts the vertex of a surface of the first lens at a side closest to a light source and a surface of 

the first lens at a side closest to the light source at an outermost periphery of the effective diameter (the 
outermost periphery corresponds to a position on a surface of the first lens at which a marginal ray of the 
above NA comes to be incident), when the distance is measured in a direction toward to the optical information 
recording medium, the distance is singed with plus (+), and when the distance is measured in a direction 

15 toward to the light source, the distance is singed with minus (-); 

X3: a distance (mm) in the optical axis direction between a plane which is perpendicular to the optical axis 
and contacts the vertex of a surface of the second lens at a side closest to a light source and a surface of the 
second lens at a side closest to the light source at an outermost periphery of the effective diameter (the out- 
ermost periphery corresponds to a position on a surface of the second lens at which a marginal ray of the 

20 above NA comes to be incident), when the distance is measured in a direction toward to the optical information 

recording medium, the distance is singed with plus (+) : and when the distance is measured in a direction 
toward to the light source, the distance is singed with minus (-); 
f: a focal length of the total system of the objective lens; 
N1 : a refractive index of the first lens at a used wavelength; and 

25 N2: a refractive index of the second lens at a used wavelength. 

26. The objective lens of claim 25 : wherein the following conditional formula is satisfied: 



30 -0.08 < (X1 ' - X3')/((NA) 4 -f) < 0.05 

27. The objective lens of claim 18, wherein when a using wave length is 500 nm or less, the objective lens is made of 
a material whose internal transmittance at a thickness of 3 mm in a region of the using wavelength is not smaller 
than 85%. 

35 

28. The objective lens of claim 27 s wherein the objective lens is made of a material whose internal transmittance at a 
thickness of 3 mm is not smaller than 90%. 

29. The objective lens of claim 18, wherein a thickness of the transparent substrate of the optical information recording 
40 medium onto which the recording and/or reproducing of the information is conducted, is not larger than 0.6 mm. 

30. The objective lens of claim 18, wherein the objective lens is made of the material whose saturation water absorption 
is not larger than 0.5%. 

45 31 . The objective lens of claim 30, wherein the objective lens is made of the material whose saturation water absorption 
is not larger than 0.1%. 

32. An objective lens for recording and/or reproducing an optical information recording medium, comprising: 

50 a first lens having a positive refractive power; and 

a second lens having a positive refractive power; 

wherein the first lens and the second lens are aligned in this order from a light source side of the objective 
lens, and the following conditional formula is satisfied: 

55 

NA ^ 0.70 
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0.05 < WD/ENP < 0.25 

where N A: a predetermined numerical aperture necessary for conducting the recording and/or reproducing of 

the optical information recording medium, 

WD: a working distance (mm) of the objective lens, 

ENP: a diameter of an entrance pupil (mm) of the objective lens. 

33. The objective lens of claim 32, wherein the following conditional formula is satisfied: 

NA i= 0.80. 

34. The objective lens of claim 32, wherein ring-shaped diffractive structure is provided on at least one surface of the 
objective lens. 

35. The objective lens of claim 32, wherein the first lens and the second lens are respectively made of a plastic and 
the following conditional formula is satisfied: 

0.05 ^ WD/ENP ^ 0.15 

36. The objective lens of claim 32, wherein the following conditional formula is satisfied: 

vdi ^ 65.0 

where vdi : Abbe's number of d line of the i-th lens (i = 1 or 2). 

37. The objective lens of claim 32, wherein when a reference wavelength is X (mm) , a focal length of the whole objective 
lens system is f (mm), the diffraction order of a diffracted ray having the maximum amount among diffracted rays 
generated at the diffractive structure of the i-th surface is ni-th, the number of the ring-shaped zones of the i-th 
surface is Mi, and the minimum value of the ring-shaped zone interval is Pi (mm), the following conditional formula 
is satisfied. 

0.04 ^ k -f (ni/(Mi . Pi 2 )) ^ 0.60 

38. The objective lens of claim 32, wherein the following conditional formula is satisfied: 

0.01 ^ PD/PT S 0.20 
where PD: a power (mm" 1 ) of only a diffractive structure defined by 

K 
i = l 

when the diffractive surface is named the first diffractive surface, the second diffractive surface, ... the n-th diffrac- 
tive surface in the order from the light source side and an optical path difference added to a transmitting wave 
surface by the diffractive structure formed on the i-th diffractive surface is expressed by an optical path difference 
function defined by O bi = n r (b 2r h2 + b 4r h4 + b 6r h6 + ... ) (herein, n } is the diffraction order number of the diffracted 
ray having the maximum amount among diffracted rays generated at the diffractive structure formed on the i-th 
diffractive surface, hj is a height (mm) from the optical axis, b 2l , b 4jj b 6j , are respectively coefficients of optical 
path difference function of second order, fourth order, sixth order, ... ), and 

PT: a power (mm' 1 ) of the total system of the objective lens in which the refractive lens and the diffractive 
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structure are combined. 
39. The objective lens of claim 32 ; wherein the following conditional formula is satisfied: 

IA fB • NA 2 I ^ 0.25 



where A fB: a change (urn) of a paraxial focal point of the objective lens when the wavelength of the light 
source is changed by + 1 nm. 

10 

40. The objective lens of claim 32, wherein when diffractive action as a diffractive lens and refractive action as a 
refractive lens are combined, the objective lens has an axial chromatic aberration characteristic which changes in 
a direction in which a back focus is shortened when a wavelength of the light source shifts to a long wavelength 
side, and the following formula is satisfied: 

15 

-1 < AC A/ ASA < 0 



where ACA: the change amount (mm) of the paraxial focal point for the change or the wavelength, and 
20 ASA: the change amount (mm) of the spherical aberration of the marginal ray for the change of the wavelength. 

41. The objective lens of claim 32, wherein the following conditional formula is satisfied: 



25 0.2 m l(Ph/Pf) -21 ^ 5.0 

where Pf: a diffractive ring-shaped zone interval (mm) at a predetermined image side numerical aperture 
necessary for conducting the recording and/or reproducing onto the optical information recording medium, Ph: a 
diffractive ring-shaped zone interval (mm) at a numerical aperture of 1 12 of the predetermined image side numerical 
30 aperture necessary for conducting the recording and/or reproducing onto the optical information recording medium. 

42. The objective lens of claim 32 : wherein an amount of ni-th order diffracted ray generated at the diffractive structure 
formed on the i-th surface is larger than the amount of any other ordered diffracted rays, and in order to record 
and /or reproduce the information onto the optical information recording medium, the ni-th ordered diffracted ray 

35 generated in the diffractive structure is converged onto the information recording plane of the optical information 

recording medium, where n is an integer except for 0, ± 1 . 

43. The objective lens of claim 32, wherein the following conditional formula is satisfied: 

40 

1.5 ^ f1/f2 ^ 5.0 



0.3 ^ (r2 + M)/(r2- r1) m 6.0 

45 

where fi: the focal length (mm) of the i-lh lens (i = 1 or 2), and 

ri : a paraxial radius (mm) of curvature of the i-th surface (i = 1 or 2). 

44. The objective lens of claim 32. wherein the following formula is satisfied: 

50 

- 0.15 < (X1 1 - X3')/((NA) 4 -f) < 0.1 0 
where XV and X3' are represented by the following formula, 

55 

XV = X1 - (N1 - 1) 3 /f1 
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X3' = X3-(N2-1) 3 /f2 

where XI : a distance (mm) in the optical axis direction between a plane which is perpendicular to the ootical 
ax, s and contacts the vertex of a surface of the first lens at a side closest to a light source and £ 
the hrst lens at a side closest to the light source at an outermost periphery of the emotive diame Jr Tthe 
outermost periphery corresponds to a position on a surface of the first len *JfwhW a nZ^TofTe 
above NA comes to be incident), when the distance is measured in a direction toward t t! JSKfLS^^ 

toward? TIT' diS,anCS iS Sin9ed With P ' US (+) ' and when the dist — is measured I 
toward to the light source, the distance is singed with minus (-) • direction 

a distance (mm) in the optical axis direction between a plane which is perpendicular to the optical axis 

second 3 t Ve H rteX , ° f 3 SUrfaCe ° f the S9COnd ' enS at 3 Side closest 10 a m source and a surface of The 
second lens at a side closest to the light source at an outermost periphery of the effective diametef fth^rr 
ermost periphery corresponds to a position on a surface of the second 7ens a, wS Tna^nTw ll tZ 
above NA comes to be incident), when the distance is measured in a direction toward t th opSn Zlt on 

toward?, w'T diStanCe " Sin9ed With P ' US (+) ' and when the dista -e is meSure^n a Son 
toward to the light source, the distance is singed with minus (-)■ direction 

f: a focal length (mm) of the total system of the objective lens; ' 

N1 : a refractive index of the first lens al a used wavelength: and 

N2: a refractive index of the second lens at a used wavelength. 

45. The objective lens of claim 44, wherein the following conditional formula is satisfied: 

-0.10 < (X1 ' - X3')/((NA) 4 -f) < 0.04 

46 ' Im a t bje f "I ' enS °' C ' aim 32 ' WherSin When 3 USin 9 Wave le "9th is 500 nm or less, the objective lens is made of 
than 85% ' n,ema ' * * ° f 3 mm in a region of the using JXS£?£%£ 

4 " S», Tm i T£XT£. ^ ^ * 3 «~ ^ — at a 

48 ' l^Z^T * ^ *"* ^ " made ° f the ™ terial Whose water absorption 

49 ' ^oHSeHhro 0 ; T WhSrein ° bjeCtiVe ' enS ^ made ° f the material Wh0Se "*«-«0" water absorption 

50. The objective lens of claim 32, wherein the objective lens satisfies the following conditional formula. 

0.07 s WD/ENP s 0.20 

51. The objective lens of claim 50 ; wherein at least two surfaces are an aspherical surface among three surfaces. 

52. The objective lens of claim 50 : wherein the following conditional formula is satisfied: 

1.1 ^ f1/f2 ^ 5.0 
where fi: the focal length (mm) of the i-th lens (i = 1 or 2). 

53. The objective lens of claim 52, wherein the following conditional formula is satisfied: 

1.2 ^ f1/f2 ^ 5.0 
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54. The objective lens of claim 1, wherein the following conditional formula is satisfied: 

0.3 ^ (r2 + r1)/(r2- r1) ^ 4.8 

5 

where ri : a paraxial radius of curvature (mm) of the i-th lens (i = 1 or 2). 

55. The objective lens of claim 50 : wherein a thickness of the transparent substrate of the optical information recording 
medium onto which the recording and/or reproducing of the information is conducted, is not larger than 0.6 mm. 

10 

56. An objective lens for use in an information recording reproducing optical pick-up apparatus which comprises a 
light converging optical system including the objective lens to converge a light flux from light sources having different 
wavelengths onto a recording plane of an optical information recording medium and a light receiving element for 
detecting a reflected light beam from the recording plane, and which can record and/or reproduce information onto 

15 a plurality of optical information recording media whose transparent substrate thickness are different, comprising: 



a first lens having a positive refractive power; and a second lens having a positive refractive power, the first 
lens and the second lens aligned in this order from a light source side of the objective lens, 
wherein the first lens and the second lens are respectively made of a material whose specific gravity is not 
20 larger than 2.0, and the objective lens has ring-shaped d iff ractive structure on at least one surface thereof, and 

wherein under the following condition that: 

among the plurality of optical information recording media whose transparent substrates have respectively 
a different thickness, the thickness of transparent substrates of two arbitrary optical information recording 

25 media are t1 and t2 (t1 < t2), 

when the information is recorded or reproduced onto the optical information recording medium having the 
thickness of the transparent substrate of t1 , the used wavelength is A1 , and when the information is re- 
corded or reproduced onto the optical information recording medium having the thickness of the trans- 
parent substrate of t2, the used wavelength is 12 (A1 < A2), and 

30 a predetermined image side numerical aperture necessary for conducting the recording or reproducing 

onto the optical information recording medium with the thickness of the transparent substrate of t1 by the 
light flux having the wavelength A,1 , is NA1 , and a predetermined image side numerical aperture necessary 
for conducting the recording or reproducing onto the optical information recording medium with the thick- 
ness of the transparent substrate of t2 by the light flux having the wavelength 12, is NA2 (NA1 m NA2); 

35 a wave front aberration is 0.07 rms or less for a combination of a wavelength A.1 , a thickness t1 of a 

transparent substrate and an image side numerical aperture NA1 , and a wave front aberration is 0.07 12 
rms or less for a combination of a wavelength 12, a thickness t2 of another transparent substrate and an 
image side numerical aperture NA2. 



57. The objective lens of claim 56, wherein the first lens and the second lens are respectively made of a plastic. 

58. The objective lens of claim 56, wherein the wave front aberration is 0.07 12. rms or less for a combination of the 
wavelength 12, the thickness t2 of a transparent substrate and the image side numerical aperture NA2 3 and the 
wave front aberration is 0.07 12 rms or more for a combination of the wavelength X2, the thickness t2 of a trans- 
parent substrate and the image side numerical aperture NA1 . 

59. The objective lens of claim 56, wherein the wave front aberration is 0.07 A.1 rms or less for a combination of an 
object point at the predetermine position, the wavelength A1 , the thickness t1 of a transparent substrate and the 
image side numerical aperture NA1 , and the wave front aberration is 0.07 12 rms or less for a combination of an 
object point located with a distance optically equal to the predetermined position, the wavelength 12, the thickness 
t2 of a transparent substrate and the image side numerical aperture NA2. 



60. The objective lens of claim 56, wherein the wave front aberration is 0.07 A,1 rms or less for a combination of an 
object point at the predetermine position, the wavelength A1 , the thickness t1 of a transparent substrate and the 
55 image side numerical aperture NA1 , and the wave front aberration is 0.07 A.2 rms or less for a combination of an 

object point located with a distance optically unequal to the predetermined position, the wavelength 12, the thick- 
ness t2 of a transparent substrate and the image side numerical aperture NA2. 
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61. The objective lens of claim 56, wherein at least two surfaces are an aspherical surface among three surfaces. 

62. The objective lens of claim 56, wherein the following conditional formula is satisfied: 

0.4 ^ I (Ph/Pf) -21 ^ 25 

where Pf: a diffractive ring-shaped zone interval (mm) at a predetermined image side numerical aperture NA1 
necessary for conducting the recording and/or reproducing onto the optical information recording medium 
having a transparent substrate having a thickness t1 , and 

Ph: a diffractive ring-shaped zone interval (mm) at a numerical aperture of 1/2 of NA1. 

63. The objective lens of claim 56, wherein the following conditional formula is satisfied: 

1.3 S f1/f2 ^ 4.0 

0.3 ^ (r2 + M)/(r2- r1) ^ 3.2 

where fi: the focal length (mm) of the i-th lens (i = 1 or 2)(when the i-th lens has a diffractive structure a focal 
length of the entire system of the i-th lens in which the refractive lens and the diffractive structure are combined), 

ri : a paraxial radius (mm) of curvature of the i-th surface (i = 1 or 2). 

64. The objective lens of claim 56, wherein the following conditional formula is satisfied: 

t1 g 0.6 mm 
t2 ^ 0.6 mm 
XI ^ 500 nm 
600 nm ^ X2 ^ 800 nm 
NA1 ^ 0.65 
NA2 ^ 0.65 

65. The objective lens of claim 56, wherein the objective lens is made of a material whose internal transmittance at a 
thickness of 3 mm in a region of the using wavelength is not smaller than 85%. 

66. The objective lens of claim 56, wherein the objective lens is made of the material whose saturation water absorption 
is not larger than 0.5%. H 

67. An objective lens for recording and/or reproducing an optical information recording medium, comprising: 

a first lens having a positive refractive power; and 
a second lens having a positive refractive power; 

wherein the first lens and the second lens are aligned in this order from a light source side of the objective 
lens, and the objective lens has ring-shaped diffractive structure on at least one surface thereof and 
wherein the following conditional formula is satisfied: 
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0.05 ^ PD/PT ^ 0.20 



where PD: a power (mm" 1 ) of only a diffractive structure defined by 

5 



10 



20 



P D = £ (-2 • ni ■ b 2 ,) 



when the diffractive surface is named the first diffractive surface, the second diffractive surface, ... the n-th 
diffractive surface in the order from the light source side and an optical path difference added to a transmitting 
wave surface by the diffractive structure formed on the i-th diffractive surface is expressed by an optical path 
difference function defined by <t>b = nj • (b 2j -h 2 + b 4j -h 4 + b 6j -h 6 + ... ) (herein, nj is the diffraction order number 
'5 of the diffracted ray having the maximum amount among diffracted rays generated at the diffractive structure 

formed on the i-th diffractive surface, hj is a height (mm) from the optical axis), b 2 j, b 4j , b 6j , .... are respectively 
coefficients of optical path difference function of second order fourth order, sixth order, ) and 
PT: a power (mrrr 1 ) of the whole system of the objective lens in which the refractive lens and the diffractive 
structure are combined. 



68. An objective lens for recording and/or reproducing an optical information recording medium, comprising: 



a first lens having a positive refractive power; and 
a second lens having a positive refractive power; 

25 wherein the first lens and the second lens are aligned in this order from a light source side of the objective 

lens, and the objective lens has ring-shaped diffractive structure on at least one surface thereof, and 
wherein when a diffractive action as a diffractive lens and a refractive action as a refractive lens are combined, 
the objective lens has an axial chromatic aberration characteristic which changes in a direction in which a 
back focus is shortened when a wavelength of the light source shifts to a long wavelength side, and the following 

30 formula is satisfied: 



-1 < ACA/ASA<0 



35 where ACA: the change amount (mm) of a paraxial focal point for the change of the wavelength, and ASA: the 

change amount (mm) of the spherical aberration of the marginal ray for the change of the wavelength. 

69. An objective lens for recording and/or reproducing an optical information recording medium, comprising: 

40 a first lens having a positive refractive power; and 

a second lens having a positive refractive power; 

wherein the first lens and the second lens are aligned in this order from a light source side of the objective 
lens, and the objective lens has ring-shaped diffractive structure on at least one surface thereof, and 
wherein the following formula is satisfied: 

45 

1.0 =i (r2 + r1)/(r2- r1) ^ 6.0 
where ri : a paraxial radius (mm) of curvature of the i-th surface (i = 1 or 2). 

so 

70. The objective lens of claim 69, wherein the following conditional formula is satisfied: 

1.5 =i f1/f2 g 5.0 

55 

where fi: a focal length (mm) of the i-th lens (i = 1 or 2). 

71. An objective lens for recording and/or reproducing an optical information recording medium, comprising: 
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a first lens having a positive refractive power; and 
a second lens having a positive refractive power; 

wherein the first lens and the second lens are aligned in this order from a light source side of the objective 
lens, and the objective lens has a ring-shaped diffractive structure on at least one surface thereof, and 
5 wherein when a using wave length is 500 nm or less, the objective lens is made of a material whose internal 

transmittance at a thickness of 3 mm in a region of the using wavelength is not smaller than 85%. 

72. An objective lens for recording and/or reproducing an optical information recording medium, comprising: 

10 a first lens having a positive refractive power; and 

a second lens having a positive refractive power; 

wherein the first lens and the second lens are aligned in this order from a light source side of the objective 
lens, and the objective lens has ring-shaped diffractive structure on at least one surface including the second 
surface thereof, and 
75 wherein the following formula is satisfied: 

1.0 < (r2+ M)/(r2- r1) 

20 where ri : a paraxial radius (mm) of curvature of the i-the surface (i = 1 or 2). 

73. A light converging optical system for recording and/or reproducing information, comprising: 

a light source; 

25 an objective lens to converge a light flux emitted from the light source onto an information recording plane 

through a transparent substrate of an optical information recording medium, wherein the objective lens com- 
prises a first lens having a positive refractive power and a second lens having a positive refractive power, the 
first lens and the second lens are aligned in this order from a light source side of the objective lens, the first 
lens and the second lens are respectively made of a material having a specific gravity of 2.0 or less and the 

30 objective lens satisfies the following conditional formula: 

NA ^ 0.70, 

35 where NA: a predetermined image side numerical aperture necessary for recording and/or reproducing of the 

optical information recording medium; and 

a spherical aberration correcting element provided between the light source and the objective lens and to 
correct a variation of a spherical aberration generated on each optical surface of the light converging optical 
system. 

40 

74. The light converging optical system of claim 73, wherein the spherical aberration correcting element corrects a 
variation of a spherical aberration generated at each optical surface of the light converging optical system due to 
a change in the temperature and/or the humidity. 

45 75. The light converging optical system of claim 73, wherein the spherical aberration correcting element corrects a 
variation of a spherical aberration generated on each optical surface of the light converging optical system due to 
a slight change in the thickness of the transparent substrate of the information recording medium. 

76. The light converging optical system of claim 73, wherein the optica! information recording medium comprises a 
50 plurality of recording layers so as to clamp the transparent substrate at the same light flux incident side, the objective 

Ions is displaceable in the optical axis direction in order to converge light beam onto each recording layer, and the 
spherical aberration correcting element corrects a variation of a spherical aberration due to a difference in the 
thickness of transparent substrate from the light flux incident side to each recording layer. 



55 



77. The light converging optical system of claim 73, wherein the spherical aberration correcting element corrects a 
variation of a spherical aberration generated at each optical surface of the light converging optical system due to 
a slight change in the wavelength of the light source. 
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78. The light converging optical system of claim 73, wherein the spherical aberration correcting element has an ad- 
justable refractive index distribution. 

79. The light converging optical system of claim 73, wherein the spherical aberration correcting element includes at 
5 least one positive lens and at least one negative lens and comprises a structure of a beam expander to make an 

almost parallel incident light flux to emit in form of an almost parallel light flux, and wherein at least one lens of the 
spherical aberration correcting element is structured as a displaceable element which can be displaced along the 
optical axis direction. 

10 80. The light converging optical system of claim 79, wherein the positive lens and the negative lens satisfy the following 
conditional formula: 

v dP > v dN 

15 

Where v dP : an average value of Abbe's number of d line of a positive lens included in the spherical aberration 
correcting element, and 

v dN: an average value of Abbe's number of d line of a negative lens included in the spherical aberration 
correcting element. 

20 

81 . The light converging optical system of claim 80, wherein the positive lens and the negative lens satisfy the following 
conditional formula: 

oc , v dP > 55.0 



v dN < 35.0 

30 82. The light converging optical system of claim 81 , wherein a difference Av between the average value of Abbe's 
number of d line of a positive lens included in the spherical aberration correcting element and the average value 
of Abbe's number of d line of a negative lens included in the spherical aberration correcting element satisfy the 
following formula: 

35 

30 ^ Av m 50 , and 



wherein the displaceable element is made of a material having a specific gravity of 2.0 or less. 

40 83. The light converging optical system of claim 79, wherein Abbe's number of all positive lenses included in the 
spherical aberration correcting element is 70.0 or less, or Abbe's number of all negative lenses included in the 
spherical aberration correcting element is 40.0 or more, and at least one of the positive lens and the negative lens 
comprises at least one diffractive surface having ring-shaped diffractive structure. 

45 84. The light converging optical system of claim 83, wherein the displaceable element is made of a material having a 
specific gravity of 2.0 or less. 

85. The light converging optical system of claim 83, wherein the spherical aberration correcting element is made of a 
plastic. 

50 

86. The light converging optical system of claim 83, wherein the spherical aberration correcting element is made of a 
material whose saturation water absorption is not larger than 0.5%. 

87. The light converging optical system of claim 83, wherein an amount of n-th ordered diffracted ray generated at the 
55 diffractive structure is larger than the amount of any other ordered diffracted rays, and in order to record and /or 

reproduce the information onto the optical information recording medium, the n-th ordered diffracted ray generated 
at the diffractive structure is converged onto the information recording plane of the optical information recording 
medium, where n is an integer except for 0, ± 1 . 
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88. The light converging optical system of claim 79, wherein when a using wave length is 500 nm or less, the spherical 
aberration correcting element is made of a material whose internal transmittance at a thickness of 3 mm in a region 
of the using wavelength is not smaller than 85%. 

5 89. The light converging optical system of claim 79, wherein the spherical aberration correcting element comprises 
one positive lens and one negative lens and has at least one aspherical surface, and at least one lens is structured 
as a displaceable element which can be displaced along the optical axis direction. 

90. The light converging optical system of claim 89, wherein the displaceable element is displaced along the optical 
to axis direction in such a manner that, when the spherical aberration of the light converging optical system is varied 

in the over corrected direction, an interval between the positive lens and the negative lens is decreased by a 
predetermined amount in comparison with that before the spherical aberration is varied, and when the spherical 
aberration of the light converging optical system is varied in the under corrected direction, an interval between the 
positive lens and the negative lens is increased by a predetermined amount in comparison with that before the 
15 spherical aberration is varied. 

91. The light converging optical system of claim 73, wherein the following conditional formula is satisfied: 
20 t ^ 0.6 mm 

X ^ 500 nm 

25 where t: the thickness of the transparent substrate of the optical information recording medium, and 

X: the wavelength of the light source. 

92. The light converging optical system of claim 73, wherein an axial chromatic aberration of a composite system of 
the spherical aberration correcting element and the objective lens satisfy the following conditional formula: 



30 



iSfB- NA 2 I ^ 0.25 urn 



where SfB : a change (\im) of a paraxial focal point of the composite system when the wavelength of the light 
35 source changes by + 1 nm. 

93. A light converging optical system for recording and/or reproducing information, comprising: 

a light source; 

40 an objective lens to converge a light flux emitted from the light source onto an information recording plane 

through a transparent substrate of an optical information recording medium, 

a coupling lens provided between the light source and the objective lens, wherein an axial chromatic aberration 
of the coupling lens is corrected excessively such that a focal length is made longer for a wavelength shorter 
by 10 nm than the used wavelength; 

45 

wherein a change of the spherical aberration generated al each optical surface of the light converging optical 
system is corrected by displacing the coupling lens in the optical axis direction. 

94. The light converging optical system of claim 93, wherein a change of the spherical aberration is corrected by 
50 displacing the coupling lens in the optical axis direction in accordance with a slight difference in the wavelength 

of the light source. 

95. The light converging optical system of claim 93, wherein a change of the spherical aberration is corrected by 
displacing the coupling lens in the optical axis direction in accordance with a change of the temperature and the 

55 humidity. 

96. The light converging optical system of claim 93, wherein a change of the spherical aberration is corrected by 
displacing the coupling lens in the optical axis direction in accordance with a slight difference in the thickness of 
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the transparent substrate of the optical information recording medium. 

97. The light converging optical system of claim 93 : wherein the optical information recording medium comprises a 
plurality of recording layers so as to clamp the transparent substrate atthe same light flux incident side, the objective 

5 lens is displaceable in the optical axis direction in order to converge light beam onto each recording layer, and a 

variation of a spherical aberration due to a difference in the thickness of transparent substrate from the light flux 
incident side to each recording layer is corrected by displacing the coupling lens in the optical axis direction. 

98. The light converging optical system of claim 93, wherein the coupling lens comprises one lens group and the 
10 coupling lens is displaced along the optical axis direction in such a manner that, when the spherical aberration of 

the light converging optical system is varied in the over corrected direction, an interval between the light source 
and the coupling lens is decreased by a predetermined amount in comparison with that before the spherical ab- 
erration is varied, and when the spherical aberration of the light converging optical system is varied in the under 
corrected direction, an interval between the light source and the coupling lens is increased by a predetermined 
'5 amount in comparison with that before the spherical aberration is varied. 

99. The light converging optical system of claim 93, wherein the objective lens comprises a first lens having a positive 
refractive power and a second lens having a positive refractive power, the first lens and the second lens are aligned 
in this order from a light source side of the objective lens, the first lens and the second lens are respectively made 

20 of a material having a specific gravity of 2.0 or less and the objective lens satisfies the following conditional formula: 

NA ^ 0.70, 

25 where NA: a predetermined image side numerical aperture necessary for recording and/or reproducing of 

the optical information recording medium. 

100. The light converging optical system of claim 93, wherein the following conditional formula is satisfied: 

30 

NA ^ 0.70 



t < 0.6 mm 

35 

X ^ 500 nm 

where NA: a predetermined image side numerical aperture of the objective lens necessary for recording and/ 
40 or reproducing onto the optical information recording medium, 

t: the thickness of the transparent substrate of the optical information recording medium, and 
X: the wavelength of the light source. 

101 .The light converging optical system of claim 93, wherein an axial chromatic aberration of a composite system of 
45 the spherical aberration correcting element and the objective lens satisfy the following conditional formula: 

ISfB ■ NA 2 I ^ 0.25 urn 

50 where 6fB : a change (fim) of a paraxial focal point of the composite system when the wavelength of the light 

source changes by i 1 nm. 

102. A light converging optical system which comprises a light source having different wavelength, an objective lens 
to converge a light flux from the light source onto a recording surface of an optical information recording medium, 
55 and which can record and/or reproduce information onto a plurality of optical information recording media whose 

transparent substrate thickness are different, comprising: 

a first lens having a positive refractive power; and a second lens having a positive refractive power, the first 
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lens and the second lens aligned in this order from a light source side of the objective lens, 
wherein the first lens and the second lens are respectively made of a material whose specific gravity is not 
larger than 2.0, and the objective lens has ring-shaped diffractive structure on at least one surface thereof, and 
wherein under the following condition that: 
5 among the plurality of different wavelength, the wavelength of two arbitrary wavelength are A.1 ,X2 (XI < X2), 

among the plurality of optical information recording media whose transparent substrates have respectively a 
different thickness, the thickness of transparent substrates of two arbitrary optical information recording media 
aretl and t2 (t1 < t2), and 

a predetermined image side numerical aperture necessary for conducting the recording or reproducing onto 
10 the optical information recording medium with the thickness of the transparent substrate of t1 by the light flux 

having the wavelength , is NA1 , and a predetermined image side numerical aperture necessary for con- 
ducting the recording or reproducing onto the optical information recording medium with the thickness of the 
transparent substrate of t2 by the light flux having the wavelength X2, is NA2 (NA1 ^ NA2); 
a wave front aberration is 0.07 A.1 rms or less for a combination of the wavelength , the thickness t1 of a 
1 5 transparent substrate and the image side numerical aperture NA1 , and a wave front aberration is 0.07 X2 rms 

or less for a combination of the wavelength X2, the thickness t2 of another transparent substrate and the image 
side numerical aperture NA2; and 

the light converging optical system further comprising a spherical aberration correcting element provided be- 
tween the light source and the objective lens so as to correct a change of the spherical aberration generated 
20 at each optical surface of the light converging optical system. 

103. The light converging optical system of claim 102, wherein the spherical aberration correcting element corrects a 
variation of a spherical aberration generated at each optical surface of the light converging optical system due to 
a change in the temperature and/or the humidity. 

25 

104. The light converging optical system of claim 102, wherein the spherical aberration correcting element corrects a 
variation of a spherical aberration generated at each optical surface of the light converging optical system due to 
a slight change in the thickness of the transparent substrate of the information recording medium. 

30 105.The light converging optical system of claim 102, wherein the spherical aberration correcting element corrects a 
variation of a spherical aberration generated at each optical surface of the light converging optical system due to 
a slight change in the wavelength of the light source. 

106. The light converging optical system of claim 102, wherein for the plurality of optical information recording medium 
35 having a different thickness of a transparent substrate from each other, the spherical aberration correcting element 

changes a converging angle of the lightflux incident on the objective lens in accordance withthe respective different 
thickness of the transparent substrate. 

107. The light converging optical system of claim 102, wherein the spherical aberration correcting element has an 
40 adjustable refractive index distribution. 

108. The light converging optical system of claim 1 02, wherein the spherical aberration correcting element includes at 
least one positive lens and at least one negative lens and comprises a structure of a beam expander to make an 
almost parallel incident light flux to emit in form of an almost parallel light flux, and wherein at least one lens of the 

45 positive lens and the negative lens is structured as a displaceable element which can be displaced along the optical 

axis direction. 

109. The light converging optical system of claim 108, wherein the positive lens and the negative lens satisfy the fol- 
lowing conditional formula: 

50 

v dP > v dN 

where v dP : an average value of Abbe's number of d line of a positive lens included in the spherical aberration 
55 correcting element, and 

v dN: an average value of Abbe's number of d line of a negative lens included in the spherical aberration 
correcting element. 
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110.The light converging optical system of claim 109, wherein the positive lens and the negative lens satisfy the fol- 
lowing conditional formula: 

5 v dP > 55.0 

v dN < 35.0 

10 111. The light converging optical system of claim 110, wherein a difference Av between the average value of Abbe's 
number of d line of a positive lens included in the spherical aberration correcting element and the average value 
of Abbe's number of d line of a negative lens included in the spherical aberration correcting element satisfy the 
following formula: 

15 

30 ^ Av ^ 50 : and 

wherein the displaceable element is made of a material having a specific gravity of 2.0 or less. 

20 112.The light converging optical system of claim 108, wherein Abbe's number of all positive lenses included in the 
spherical aberration correcting element is 70.0 or less ; or Abbe's number of all negative lenses included in the 
spherical aberration correcting element is 40.0 or more, and the light converging optical system comprises at least 
one diffractivc surface having ring-shaped diffractive structure. 

25 113.The light converging optical system of claim 112, wherein the displaceable element is made of a material having 
a specific gravity of 2.0 or less. 

114. The light converging optical system of claim 112, wherein the spherical aberration correcting element is made of 
a plastic. 

30 

115. The light converging optical system of claim 114, wherein the spherical aberration correcting element is made of 
a material whose saturation water absorption is not larger than 0.5%. 

116. The light converging optical system of claim 108, wherein the spherical aberration correcting element is made of 
35 a material whose internal transmittance at a thickness of 3 mm in a region of the using wavelength is not smaller 

than 85%. 

117. The light converging optical system of claim 108, wherein the spherical aberration correcting element comprises 
one positive lens and one negative lens and has at least one aspherical surface, and at least one lens is structured 

40 as a displaceable element which can be displaced along the optical axis direction. 

118. The light converging optical system of claim 117, wherein the displaceable element is displaced along the optical 
axis direction in such a manner that, when the spherical aberration of the light converging optical system is varied 
in the over corrected direction, an interval between the positive lens and the negative lens is decreased by a 
predetermined amount in comparison with that before the spherical aberration is varied, and when the spherical 
aberration of the light converging optical system is varied in the under corrected direction, an interval between the 
positive lens and the negative lens is increased by a predetermined amount in comparison with that before the 
spherical aberration is varied. 

so 119.The light converging optical system of claim 117, wherein among the plurality of optical information recording 
media whose transparent substrates have respectively a different thickness, when the thickness of transparent 
substrates of two arbitrary optical information recording media are t1 and t2 (t1 < t2), 

the displaceable element is displaced along the optical axis direction in such a manner that, an interval 
between the positive lens and the negative lens is increased by a predetermined amount at the time of conducting 

55 recording or reproducing information for the optical information recording medium having the thickness t1 of the 

transparent substrate than atthetime of conducting recording or reproducing information for the optical information 
recording medium having the thickness t2 of the transparent substrate, and an interval between the positive lens 
and the negative lens is decreased by a predetermined amount at the time of conducting recording or reproducing 
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information for the optical information recording medium having the thickness t2 of the transparent substrate than 
at the time of conducting recording or reproducing information for the optical information recording medium having 
the thickness t1 of the transparent substrate. 

5 120.The light converging optical system of claim 1 02, wherein the spherical aberration correcting element is a coupling 
lens to change a divergent angle of a divergent light flux emitted from the light source and the coupling lens is a 
displaceable element capable of displacing along the optical axis direction. 

121 .The light converging optical system of claim 120, wherein the spherical aberration correcting element is a single 
10 lens whose at least one surface is made a diffractive surface having ring-shaped diffractive structure. 

122. The light converging optical system of claim 121 , wherein the spherical aberration correcting element has at least 
one aspheric surface whose radius of curvature becomes larger with distance from the optical axis and has at 
least one diffractive surface having a ring-shaped diffractive structure. 

15 

1 23. The light converging optical system of claim 1 22, wherein a surface of the spherical aberration correcting element 
at the light source side is a diffractive surface which has a spherical shape macroscopically and a surface of the 
spherical aberration correcting element at another side far from the light source is a aspherical surface whose 
radius of curvature becomes larger with distance from the optical axis. 

20 

124The light converging optical system of claim 1 20, wherein the spherical aberration correcting element has a struc- 
ture of two elements in one group in which a positive lens having a relatively larger Abbe's number and a negative 
lens having a relatively smaller Abbe's number are cemented. 

25 1 25.The light converging optical system of claim 124, wherein the positive lens and the negative lens satisfy the fol- 
lowing conditional formula: 



30 



v dP > 55.0 



v dN <35.0 



where v dP : an Abbe's number of d line of a positive lens, and 
35 v dN: an Abbe's number of d line of a negative lens, and 

the light converging optical system comprises at least one aspherical surface. 

126. The light converging optical system of claim 120, wherein the spherical aberration correcting element is made of 
a material having a specific gravity of 2.0 or less. 

40 

127. The light converging optical system of claim 126, wherein the spherical aberration correcting element is made of 
a plastic. 

128. The light converging optical system of claim 127, wherein the spherical aberration correcting element is made of 
45 a material whose saturation water absorption is not larger than 0.5%. 

129. The light converging optica! system of claim 120, wherein the spherical aberration correcting element is made of 
a material whose internal transmittance at a thickness of 3 mm in a region of the using wavelength is not smaller 
than 85%. 

50 

130. The light converging optical system of claim 120, wherein the spherical aberration correcting element consists of 
one lens group and the spherical aberration correcting element is displaced along the optical axis direction in such 
a manner that, when the spherical aberration of the light converging optical system is varied in the over corrected 
direction, an interval for the objective lens is increased by a predetermined amount in comparison with that before 

55 the spherical aberration is varied, and when the spherical aberration of the light converging optical system is varied 

in the under corrected direction, an interval for the objective lens is decreased by a predetermined amount in 
comparison with that before the spherical aberration is varied. 
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131 .The light converging optical system of claim 120, wherein among the plurality of optical information recording 
media whose transparent substrates have respectively a different thickness, when the thickness of transparent 
substrates of two arbitrary optical information recording media are t1 and t2 (t1 < t2) s 

the spherical aberration correcting element consists of one lens group and the spherical aberration correcting 

5 element is displaced along the optical axis direction in such a manner that, an interval for the objective lens is 

decreased by a predetermined amount at the time of conducting recording or reproducing information for the optical 
information recording medium having the thickness t1 of the transparent substrate than at the time of conducting 
recording or reproducing information for the optical information recording medium having the thickness t2 of the 
transparent substrate, and an interval for the objective lens is increased by a predetermined amount at the time 

10 of conducting recording or reproducing information for the optical information recording medium having the thick- 

ness t2 of the transparent substrate than at the time of conducting recording or reproducing information for the 
optical information recording medium having the thickness t1 of the transparent substrate. 

132. The light converging optical system of claim 1 02, wherein the following conditional formula is satisfied: 

15 

t1 ^ 0.6 mm 



t2 m 0.6 mm 



X1 ^ 500 nm 

25 

600 nm ^ 12 ^800 nm 



NA1 ^ 0.65 

30 

NA2 s 0.65 

133The light converging optical system of claim 1 02, wherein an axial chromatic aberration of a composite system of 
35 the spherical aberration correcting element and the objective lens satisfy the following conditional formula: 

ISfBi ■ NAi 2 I ^ 0.25 urn 

40 where SfBi : a change (urn) of a paraxial focal point of the composite system when the wavelength X\ of the 

light source changes by + 1 nm (i = 1 or 2). 

134. A light converging optical system for use in an optical pick-up apparatus for recording and/or reproducing of an 
optical information recording medium : comprising: 

45 

a coupling lens to convert a divergent angle of a divergent light flux emitted from a light source; and 
an objective lens to light converge the light flux having passed through the coupling lens onto an information 
recording plane through a transparent substrate of the optical information recording medium, wherein ring- 
shaped diffractive structure is formed on at least one optical surface of an optical element constituting the light 
50 converging optical system, and the coupling lens comprises a two lens group, and at least one lens group 

constituting the coupling lens is moved along an optical axis direction such that a variation of the spherical 
aberration generated at each optical surface of the light converging optical system is corrected. 

135. The light converging optical system of claim 134, wherein the light source emits a light flux having a wavelength 
55 not larger than 600 nm : and an axial chromatic aberration generated by a refractive action of each refractive surface 

in the light converging optical system and an axial chromatic aberration generated by the diffractive structure are 
cancelled. 
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136. The light converging optical system of claim 135, wherein the axial chromatic aberration of a composite system 
composed of the coupling lens, the optical element on which the diffractive structure is provided, and the objective 
lens, satisfies the following conditional formula: 

5 2 

lAfB • NA J I ^ 0.25 |im 

where NA; a predetermined image side numerical aperture of the objective lens necessary for conducting the 
recording and/or reproducing onto the optical information recording medium, and 
10 AfB: a change (urn) of the paraxial focal point of the composite system when the wavelength of the light source 

is changed by + 1 nm. 

1 37. The light converging optical system of claim 1 34, wherein the predetermined image side numerical aperture of the 
objective lens necessary for conducting the recording and/or reproducing onto the optical information recording 

75 medium is not smaller than 0.65, and the thickness of the transparent substrate of the optical information recording 

medium is not larger than 0.6 mm. 

138. The light converging optical system of claim 134, wherein among the lens groups constituting the coupling lens, 
the lens group which can be moved along the optical axis, has a positive refractive power and saLisfies the following 

20 conditional formula: 

4Sf cP /f OBJ § 17 

25 where f CP : the focal length (mm) of the lens group having the positive refractive power which can be moved 

along the optical axis, and 

f OBJ : the focal length (mm) of the objective lens. 

139. The light converging optical system of claim 134, wherein among the lens groups constituting the coupling lens, 
30 the lens group which can be moved along the optical axis, has the negative refractive power and satisfies the 

following conditional formula: 



35 



-20 ^ f CN /f 0 BJ ^ ~ 3 



where f CN : the focal length (mm) of the lens group having the negative refractive power which can be moved 

along the optical axis, and 

f OBJ : the focal length (mm) of the objective lens. 

40 140.The light converging optical system of claim 134, wherein the lens group which can be moved along the optical 
axis direction among the lens groups constituting the coupling lens is made of a material whose specific gravity is 
not larger than 2.0. 

141 .The light converging optical system of claim 134, wherein at least one lens group constituting the coupling lens is 
45 moved along the optical axis direction such that a variation of a spherical aberration generated at each optical 

surface of the light converging optical system due to a variation of the wavelength of the light source is corrected. 

142. The light converging optical system of claim 134, wherein the objective lens includes at least one lens made of a 
plastic material and at least one lens group constituting the coupling lens is moved along the optical axis such that 

50 a variation of a spherical aberration generated at each optical surface of the light converging optical system due 

to the temperature or humidity change is corrected. 

143. The light converging optical system of claim 1 34, wherein at least one lens group constituting the coupling lens is 
moved along the optical axis such that a variation of a spherical aberration generated due to the variation of a 

55 thickness of the transparent substrate of the information recording medium is corrected. 

144. The light converging optical system of claim 134, wherein the optical information recording medium has a structure 
in which a plurality of transparent substrates and information recording layers are alternately laminated in an order 
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at the same light flux incident side., and wherein the objective lens is moved along the optical axis so that a focusing 
is conducted for recording and/or reproducing the information onto each information recording layer, and at least 
one lens group constituting the coupling lens is moved along the optical axis direction such that a variation of a 
spherical aberration generated due to a difference of the thickness of the transparent substrate from the light flux 
5 incident surface to each information recording layer is corrected. 

145. The light converging optical system of claim 134, wherein when the spherical aberration of the light converging 
optical system is varied in the over corrected direction, the coupling lens decreases an interval between two lens 
groups constituting the coupling lens by a predetermined amount in comparison with that before the spherical 

10 aberration is varied, and when the spherical aberration of the light converging optical system is varied in the under 

corrected direction, the coupling lens increases an interval between two lens groups constituting the coupling lens 
by a predetermined amount in comparison with that before the spherical aberration is varied. 

146. A light converging optical system for recording and/or reproducing of the optical information recording medium, 
15 comprising: 

a light source to emit a light flux having a wavelength not larger than 600 nm; 

a coupling lens to change a divergent angle of a divergent light flux emitted from the light source; and 
an objective lens lo converge the light flux through the coupling lens onto an information recording plane of 
20 the optical information recording medium, 

wherein the coupling lens has at least one diffractive surface made having ring-shaped diffractive structure, 
and an axial chromatic aberration of the coupling lens is corrected excessively such that a focal length becomes 
longer for a wavelength shorter by 1 0 nm than the reference wavelength of the light source, and the coupling lens 
25 satisfies the following formula: 

0.05 ^ NA ^ 0.50 

so where, NA: the numerical aperture of the coupling lens, and 

wherein an axial chromatic aberration generated in the objective lens due to a wavelength change when the 
light source generates the wavelength change not larger than ± 10 nm and an axial chromatic aberration 
generated in the diffractive structure of the coupling lens are cancelled. 

35 147.The light converging optical system of claim 1 46, wherein a composite system of the coupling lens and the objective 
lens has an axial chromatic aberration characteristic which is changed to a direction to which a back focus is 
shortened when the wavelength of the light source shifts on a longer wavelength side, and when a changed amou nt 
of a spherical aberration of a marginal ray for a change of the wavelength is ASA and a changed amount of a 
paraxial focal point is ACA, the following conditional formula is satisfied: 

40 

-1 < ACA/ASA< 0. 

148. The light converging optical system of claim 146, wherein it is assumed that a change of a paraxial focal point of 
45 a composite system of the coupling lens and the objective lens is AfB (um) when a wavelength of the light source 

is changed by + 10 nm and a predetermined image side numerical aperture of the objective lens necessary for 
recording or reproducing the optical information recording medium is the NA OBj! an axial chromatic aberration of 
the composite system satisfies the following conditional formula: 

so 

I AfB • (NA OBJ ri ^ 2.5 um. 

1 49. A light converging optical system for recording and/or reproducing of information of an optical information recording 
medium, comprising: 

55 

an objective lens for converging a light flux emitted from a light source onto an information recording plane of 
the optical information recording medium, the objective lens including a first lens having a positive refractive 
power and a second lens having a positive refractive power, wherein the first lens and the second lens are 
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aligned in this order from a light source side of the objective lens, the objective lens having ring-shaped dif- 
fractive structure on at least one surface thereof and satisfying the following conditional formula: 



NA ^ 0.70 



0.05 < WD/ENP < 0.25 



10 where NA: a predetermined numerical aperture necessary for conducting the recording and/or reproducing of 

the optical information recording medium, 
WD: a working distance (mm) of the objective lens, 
ENP: a diameter of an entrance pupil (mm) of the objective lens; and 

15 the light converging optical system further comprising an spherical aberration correcting element to correct 

a variation of a spherical aberration generated at each optical surface of the light converging optical system between 
the light source and the objective lens. 

150.The light converging optical system of claim 149, wherein the spherical aberration correcting element corrects a 
20 variation of a spherical aberration generated at each optical surface of the light converging optical system due to 

a slight change in the wavelength of the light source. 

151 The light converging optical system of claim 149, wherein the light converging optical system comprises at least 
one optical element made of a plastic and the spherical aberration correcting element corrects a variation of a 
25 spherical aberration generated at each optical surface of the light converging optical system due to a change in 

the temperature and/or the humidity. 

152. The light converging optical system of claim 149, wherein the spherical aberration correcting element corrects a 
variation of the spherical aberration generated at each optical surface of the light converging optical system due 

30 to a slight change in the thickness of the transparent substrate of the information recording medium. 

153. The light converging optical system of claim 149, wherein the spherical aberration correcting element has an 
adjustable refractive index distribution. 

35 154.The light converging optical system of claim 149, wherein the spherical aberration correcting element comprises 
an optical element capable of changing a divergent degree of an emitted light flux by displacing along the optical 
axis. 

1 55The light converging optical system of claim 1 54, wherein the optical element is made of a material having a specific 
40 gravity of 2.0 or less. 

156. The light converging optical system of claim 154, wherein the optical element is made of a plastic. 

157 . The light converging optical system of claim 149, wherein the light converging optical system can record and or 
45 reproduce information for an optical information recording medium having a structure in which a plurality of trans- 
parent substrates and information recording layers are alternately laminated in an order at the same light flux 
incident side, and wherein the objective lens is moved along the optical axis so that a focusing is conducted for 
recording and/or reproducing the information onto each information recording layer, and the spherical aberration 
correcting element corrects a variation of a spherical aberration generated due to a difference of the thickness of 

so the transparent substrate from the light flux incident surface to each information recording layer. 

1 58. A coupling lens which changes a divergent angle of a divergent light flux emitted from a light source for recording 
and/or reproducing of an optical information recording medium and makes the light flux to enter into an objective 
lens, comprising: 

55 the coupling lens having an axial chromatic aberration excessively corrected so that a focal length becomes 

longer for a wavelength which is 10 nm shorter than a using wavelength. 

1 59. The coupling lens of claim 1 58, wherein the coupling lens is a single lens which has at least one aspherical surface 
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whose radius of curvature becomes larger with distance from the optical axis and has at least one surface shaped 
in a diffractive surface structured by a plurality of coaxial ring-shaped steps. 

160.The coupling lens of claim 159, wherein a surface at the light source side is a diffractive surface which has a 
5 spherical shape macroscopically and a surface at another side far from the light source is a aspherical surface 

whose radius of curvature becomes larger with distance from the optical axis. 

161 .The coupling lens of claim 159 : wherein when n is an integer showing an order of a diffracted ray having the 
maximum amount among diffracted rays generated at the diffractive surface, M is the number of the ring-shaped 
io zones of the diffractive surface, P (mm) is the minimum value of the ring-shaped zone interval, and fc (mm) is a 

focal length of the total system of the coupling lens, the following conditional formula is satisfied: 



0.20 ^ n • fc • X/(M ' P 2 ) ^ 10. 

15 

162. The coupling lens of claim 159, wherein an amount of n-th ordered diffracted ray generated at the diffractive 
structure is larger than the amount of any other ordered diffracted rays, and in order to record and /or reproduce 
the information onto the optical information recording medium, the n-th ordered diffracted ray generated at the 
diffractive structure is converged onto the information recording plane of the optical information recording medium, 

20 where n is an integer except for 0, ± 1 . 

163. The coupling lens of claim 158, wherein the coupling lens has the structure of two elements in one group in which 
a positive lens having a relatively larger Abbe's number and a negative lens having a relatively smaller Abbe's 
number arc cemented. 

25 

164. The coupling lens of claim 163, wherein the coupling lens has at least one an aspherical surface and satisfies the 
following conditional formula: 

, n v dP > 55.0 



v dN < 35.0 

35 where v dP : an Abbe's number of d line of a positive lens, and 

v dN: an Abbe's number of d line of a negative lens. 

165. The coupling lens of claim 158, wherein the coupling lens is made of a material having a specific gravity of 2.0 or 
less. 

40 

166. The coupling lens of claim 165, wherein the coupling lens is made of a plastic material. 



167. The coupling lens of claim 166, wherein the coupling lens is made of a plastic material whose saturation water 
absorption is not larger than 0.5%. 

45 

168. A coupling lens to change a divergent angle of a divergent light flux emitted from a light source and to make Lhe 
divergent light flux incident on an objective lens, comprising: 

at least one diffractive surface having ring-shaped diffractive structure, 
50 wherein an axial chromatic aberration is excessively corrected so that a focal length is made longer for a 

wavelength shorter by 10 nm than a reference wavelength of the light source and the coupling lens satisfies 
the following conditional formula 



0.05 ^ NA % 0.50 
where, NA: the numerical aperture of the coupling lens. 
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1 69.The coupling lens of claim 1 68, wherein the following conditional formula is satisfied: 

0.3<P D /P roTAL<3 .0 (75) 
where PD: a power (mm^) of only a diffractive structure defined by 

N 

L-l 

when the diffractive structure formed on the i-th surface of the coupling lens is expressed by an optical path 
difference function defined by the following expression: <l> bi = n, • (b^hf + b^-h,* + b ei .h,6 + ... ) (A) (herein n- 
is the diffraction order number of the diffracted ray having the maximum amount among diffracted rays gen- 
erated at the diffractive structure, h, is a height (mm) from the optical axis), b 2i , b 4i , b 6i , .... are respectively 
coefficients of optical path difference function of second order, fourth order, sixth order, .... ) and 
p total : a Power (mm" 1 ) of the total system of the coupling lens in which a refractive power and a diffractive 
power by the diffractive structure are combined. 

170.The coupling lens of claim 168, wherein when a reference wavelength is X (mm), a focal length of the whole 
objective lens system is f (mm), the diffraction order of a diffracted ray having the maximum amount among dif- 
fracted rays generated at the diffractive structure of the i-th surface is ni-th, the number of the ring-shaped zones 
of the i-th surface is Mi. and the minimum value of the ring-shaped zone interval is Pi (mm), the following conditional 
formula is satisfied. 

0.1 S X -f Z (ni/(Mi • Pi 2 )) s 3.0 

1 71 The coupling lens of claim 1 68, wherein when a reference wavelength is X (mm), a minutechange of the wavelength 
rom the reference wavelength is AX (mm), a focal length at the reference wavelength is f (mm), and a change of 
the focal length when the wavelength of the light source is changed by AX (mm) from the reference wavelength is 
At (mm), the following conditional formula is satisfied. 

- 0.12 S (Af/f) • NA • (X/AX) =s - 0.01 

1 72. The coupling lens of claim 1 68, wherein coupling lens comprises two or more surfaces made in a diffractive surface 
having a nng-shaped diffractive structure. 

173. The coupling lens of claim 168, wherein a stepped difference in an optical axis direction of each ring-shaped 
diffractive zone of at least one diffractive surface among the diffractive surfaces is determined such that an amount 
of the n-th ordered diffracted ray is larger than that of any other ordered diffracted rays generated at the diffractive 
surface, where n is an integer except 0 and ±1 . 

174. The coupling lens of claim 1 68, wherein at least one diffractive surface including a surface at the light source side 
is made in a diffractive surface having a ring-shaped diffractive structure. 

T75.The coupling lens of claim 1 68, wherein at least one surface is made in an aspherical surface, the following con- 
ditional formula is satisfied: 

0.10 S NA < 0.50 

176. The coupling lens of claim 168, wherein the coupling lens is made of a plastic material. 

177. The coupling lens of claim 168, wherein one optical surface of the coupling lens is the plane surface on which 
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ring-shaped diffractive structure is formed and another optical surface opposite to the plane surface is a spherical 
surface and/or an aspherical surface. 

178. The coupling lens of claim 177, wherein diffractive structure formed on the plane surface is blaze structure. 

179. The coupling lens of claim 177, wherein when a using wavelength is X (mm), the minimum value of pitches of the 
ring-shaped zones in the effective diameter of the diffractive structure formed on the plane surface is P (mm), the 
following formula is satisfied: 

P/X < 30 . 

180. The coupling lens of claim 179, wherein the following formula is satisfied: 

P/X < 20 . 

181 The coupling lens of claim 1 77, wherein the optical surface shaped in the spherical surface and/or the aspherical 
surface is refraclive surface. 

182. The coupling lens of claim 177, wherein the optical surface shaped in the spherical surface or the aspherical 
surface is provided with a ring-shaped diffractive structure. 

183. The coupling lens of claim 182, wherein when a using wavelength is X (mm), the minimum value of pitches of the 
25 ring-shaped zones in the effective diameter of the diffractive structure formed on the optical surface shaped in the 

spherical surface and/or the aspherical surface is P (mm), the following formula is satisfied: 



10 



15 



20 



30 



P/X > 20 . 



184.An optical pick-up apparatus, comprising: 



a light converging optical system including a light source, and objective lens for converging a light flux from 
the light source onto a recording plane of an optical information recording medium, and a spherical aberration 
35 correcting element arranged between the light source and the objective lens; 

a photo detector for detecting a reflected light flux from the recording plane; 

a first drive apparatus for driving the objective lens for converging the light flux onto the recording plane ac- 
cording to the detection results of the photo detector, and 

a second drive apparatus for driving the spherical aberration correcting element according to the detection 
40 results of the photo detector, 

wherein the objective lens comprises a first lens having a positive refractive power and a second lens having 
a positive refractive power; the first lens and the second lens are aligned in this order from a light source side of 
the objective lens, and the first lens and the second lens are respectively made of a material having a specific 
^5 gravity of 2.0 or less and the objective lens satisfies the following conditional formula: 

NA ^ 0.70, 

50 where NA: a predetermined image side numerical aperture necessary for recording and/or reproducing of 

the optical information recording medium. 

185. An optical pick-up apparatus for recording and/or reproducing information for a plurality of optical information 
recording medium different in a thickness of a transparent substrate, comprising: 



55 



a light converging optical system including light sources different in a wavelength, an objective lens to converge 
a light flux from the light source onto a recording plane of an optical information recording medium and a 
spherical aberration correcting element provided between the light sources and the objective lens; 
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a photo detector for detecting a reflected light beam from the recording plane 

c a oSg d th V e e Xl^S^ " C ° nVer9in9 - ,i9ht ^ "* - — P- - 

^stj^7S^^z^:^: irst ,en d s r ns a positive refractive ™ «- a 

source side of the o«^^T ^eraSTfhr hT^ a " flned ,n thiS ° rder from a "B* 
specific gravity is JCSSSi, , respectivel V made °' a material whose 

structure on aTleast oSSTSji ' 9 ' n9 ° Pt,Ca ' ^ haVi " 9 diffractive 

wherein under the following condition that: 

med,a are n anc fS I (tT< Sfand SUbStrat6S ° f ' W ° ""^ ° ptiCal inf « on r ~° r 4 

a wave front aberration is 0 07 tl rmfor 9 J*™ 9 ** Wavelen 9 th ^ is ^A2 (NA1 NA2): 

a transparent sutSate and the i^ aa °, H a .^.nation of the wavelength XI , the thickness t1 of 

X2 rms P or ,oss forT^^Z JlVT T " ^ 

and the image side numerical aperture NA2 and ^ transparent subst ^o 

aTto^lS^^ betW6en thS — «"< the objective lens so 

verg,ng optica, system * aberrat '° n generatod * Sach ° ptical surfa - of the light con- 

1 "S^^^ — n for an information recording p.ane of 



a light source: 



ISiSZFS £S^~;r consi f of lwo ,ens — to — 9a a 

light flux having passed through?* ctuSn^Tt 9 f, * ^ a " ° bjective lens to conver 9e the 
an optica, information recoSg ^7 ' ' reC ° rdm9 P ' ane thr ° Ugh 3 tranSparent subs <^ * 

a photo detector for detecting a reflected light beam from the recording plane 

^a^ 

light converging optSl sy*l * ^ ° f ° ptiCal element con.mut.ng the the 



opt^:^ jn. ^s group constituting the coup.ing ,ens in the 

converging optical system P abenaU0 " 96nerated at each «W surface of the light 

" — - an information recording surface of 

a photo dctccor; 

a ,S,'Z ,ee '° *""' " ' i9h ' '"' X "™ lng a waue ' en 9'^ not kp ,o a „ eoo „ m . „„„ 



,1199717A2J_> 



196 



EP 1 199 717 A2 



for a wavelength shorter by 10 nm than the reference wavelength of the light source, and the coupling lens 
satisfies the following formula: 



5 0.05 iNAs 0.50 

where, NA: the numerical aperture of the coupling lens, and 

wherein an axial chromatic aberration generated in the objective lens due to a wavelength change when the 
light source generates the wavelength change not larger than ± 10 nm and an axial chromatic aberration 
10 generated in the diffractive structure of the coupling lens are cancelled. 

188.An optical pick-up apparatus for recording and/or reproducing information for an information recording plane of 
an optical information recording medium by detecting a reflected light flux from the information recording plane, 
comprising: 

15 

a first photo detector to detect a tracking error and/or a focusing error of the objective lens by detecting the 
reflected light flux from the information recording plane; 

a first driving device to drive the objective lens so as to reduce the tracking error and/or the focusing error in 
accordance with a detection result of the first photo detector; 
20 a second photo detectorto detect a variation of a spherical aberration generated at the light converging optical 

system by detecting the reflected light beam from the information recording plane; 

a second driving device to drive the spherical aberration correcting element so as to reduce the variation of 
the spherical aberration in accordance with a detection results of the second photo detector; 
wherein the objective lens comprises a first lens having a positive refractive power and a second lens having 
25 a positive refractive power, the first lens and the second lens are aligned in this order from a light source side 

of the objective lens, the objective lens has diffractive structure on at least one surface thereof, the objective 
lens is made of a material whose saturation water absorption is not larger than 0.5% and the following condi- 
tional formula is satisfied: 



30 



NA ^ 0.70 



0.05 < WD/ENP < 0.25 

35 

where NA: a predetermined numerical aperture necessary for conducting the recording and/or reproducing of 

the optical information recording medium, 

WD: a working distance (mm) of the objective lens, 

ENP: a diameter of an entrance pupil (mm) of the objective lens. 

40 

189. An audio and/or image recording apparatus and/or an audio and/or image reproducing apparatus on which the 
optical pick-up apparatus recited in claim 186 is mounted. 

190. An audio and/or image recording apparatus and/or an audio and/or image reproducing apparatus on which the 
45 optical pick-up apparatus recited in claim 187 is mounted. 

191 .An audio and/or image recording apparatus and/or an audio and/or image reproducing apparatus on which the 
optical pick-up apparatus recited in claim 188 is mounted. 

so 192. An audio and/or image recording apparatus and/or an audio and/or image reproducing apparatus on which the 
optical pick-up apparatus recited in claim 184 is mounted. 

193. An audio and/or image recording apparatus and/or an audio and/or image reproducing apparatus on which the 
optical pick-up apparatus recited in claim 185 is mounted. 

55 

194. The light converging optical system of claim 93, wherein the spherical aberration correcting element is a single 
lens whose at least one surface is made a diffractive surface having ring-shaped diffractive structure. 
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195. The light converging optical system of claim 1 94 ; wherein the spherical aberration correcting element has at least 
one aspheric surface whose radius of curvature becomes larger with distance from the optical axis and has at 
least one diffractive surface having a ring-shaped diffractive structure. 

1 96. The light converging optical system of claim 1 95, wherein a surface of the spherical aberration correcting element 
at the light source side is a diffractive surface which has a spherical shape macroscopically and a surface of the 
spherical aberration correcting element at another side far from the light source is a aspherical surface whose 
radius of curvature becomes larger with distance from the optical axis. 

1 97. The light converging optical system of claim 93, wherein the spherical aberration correcting element has a structure 
of two elements in one group in which a positive lens having a relatively larger Abbe's number and a negative lens 
having a relatively smaller Abbe's number are cemented. 

198. The light converging optical system of claim 197, wherein the positive lens and the negative lens satisfy the fol- 
lowing conditional formula: 



v dP > 55.0 



v dN < 35.0 

where v dP : an Abbe's number of d line of a positive lens, and 

v dN: an Abbe's number of d line of a negative lens, and 

the light converging optical system comprises at least one aspherical surface. 

199. The light converging optical system of claim 193, wherein the spherical aberration correcting element is made of 
a material having a specific gravity of 2.0 or less. 

200. The light converging optical system of claim 199, wherein the spherical aberration correcting element is made of 
a plastic. 

201 .The light converging optical system of claim 200, wherein the spherical aberration correcting element is made of 
a material whose saturation water absorption is not larger than 0.5%. 

202.The light converging optical system of claim 93, wherein the spherical aberration correcting element is made of a 
material whose internal transmittance at a thickness of 3 mm in a region of the using wavelength is not smaller 
than 85%. 
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FIG. 7 
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FIG. 59 
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